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NUTRITION AND PUBLIC HEALTH 


The rising tide of public interest in nutri- 
tion, stimulated by the unprecedented flow 
of scientific discoveries which have come 
out of the research laboratories during the 
past twenty years, has made the professional 
health officer somewhat bewildered as to 
the part he should play in that field. Feel- 
ing the tug of crosscurrents and eddies of 
rapidly changing ideas, it is only natural that 
he desires nothing so much as to leave the 
whole field to others and to remain in 
splendid isolation with no responsibility for 
the nutritional health of his people. Many 
insistent demands are being put forward, 
however, that official health departments 
should give to nutrition its rightful status 
and it is perhaps worth while to examine 
the present position in order to clarify our 
thinking along sound lines. 

The original conception of the duties of a 
public health department was rather simple: 
the improvement of drainage and sewerage 
systems; the provision of adequate and 
satisfactory water supplies; the collection of 
refuse; and the isolation of cases of infectious 
diseases. During the nineteenth century, 
however, the appalling death rates, es- 
pecially in large cities, slowly aroused public 
sentiment to demand improved conditions. 
The present century has seen a progressive 
enlargement of the responsibilities of health 
officers. The knowledge which became 
available from research workers on the 
bacterial causation of disease quickly ap- 
pealed to the public imagination and health 
departments were soon required to put these 
new ideas into everyday practice. The 
brilliant results obtained in the campaigns 
against many infectious diseases are well 
known to all. Educational campaigns by 
public and private organizations, such as the 
National Tuberculosis Association, began 
to spread the new knowledge to the public 
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with consequent tremendous modifications 
in personal hygiene and habits. 

In recent years the conception has been 
introduced into public health practice that 
every individual from prenatal stage until 
old age shall obtain the benefits of personal 
medical guidance in a healthful way of life 
in addition to medical services for the care 
of sickness. 


This has introduced such new 
services as maternal and child welfare, free 
dental care, health nurses, home obstetrical 
service, and examination of schoolchildren 
While this new 
conception has gained much headway, a 


with correction of defects. 
great deal remains to be done. In the 
recent White Paper setting forth the British 
government’s proposals for a new National 
Health Service it is stated that “personal 
health still tends to be regarded as something 
to be treated when at fault, or perhaps to be 
preserved from getting at fault, but seldom 
as something to be positively improved and 
promoted and made full and robust.... 
While the health standards of the people 
have enormously improved, and while there 
are gratifying reductions in the ravages of 
preventable disease, the plain fact remains 
that there are many men and women and 
children who could be and ought to be en- 
joying a sense of health and physical well 
being which they do not in fact enjoy. 
There much health still, 
which need not be, with a corresponding 
cost in efficiency and personal happiness.” 
Let us examine some aspects of the place 
of nutrition in the public health. 
might argue that ill health resulting from 
malnutrition is a matter of individual con 
cern and that it does not endanger the com. 
munity as do cases of infectious diseases. 
They might maintain that nutrition is the 
affair of the individual and his physician 
and not of the health department. 
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readily be shown, however, that the com- 
munity does have an enormous interest in 
the nutritional welfare of its members. We 
now know that the birth of a well developed, 
healthy child depends on the adequate and 
proper feeding of the mother during the 
prenatal period. It is also now well known 
that some groups of the population are par- 
ticularly susceptible to the ill effects of an 
inadequate diet. These include pregnant 
and nursing women, infants and growing 
children, adolescents, and those sick with 
chronic febrile diseases. Certainly the in- 
surance of supplies of cod liver oil and vita- 
min C to infants and of milk to growing 
children is a matter of public concern. 
Other nutritional problems important to 
community health are the prevention of 
endemic goiter, which according to Marine 
is the simplest, easiest, and cheapest of all 
known diseases to prevent; of iron-deficiency 
anemia; and, as now appears possible, of 
dental caries. Pellagra with its accompany- 
ing insanity, and beriberi with its crippling 
effects have been too common in some de- 
pressed areas of the United States. Apart 
from actual illness directly attributable to 
malnutrition, one encounters the subclinical 
effects of bad feeding. What loss of ef- 
ficiency, what lowering of resistance or actual 
predisposition to other diseases such as tu- 
berculosis results from this lack of optimal 
diet is not capable of measurement at the 
present time, but it is undoubtedly great. 
This huge burden of ill health directly or 
indirectly attributable to faulty feeding 
adds greatly to the cost of medical care in 
the community, much of which comes of 
necessity from the public purse. 

From this brief summary of the effects 
of nutrition on health it is clear that no 
modern health unit can divorce itself from 
direct responsibility for the improvement of 
nutrition in the community which it serves. 
What are the reasons then why there has 
been a reluctance to assume this responsi- 
bility? In the past, disease has been so 
generally associated with positive agents 
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that the thoughts of the health officer have 
naturally turned to such positive associa- 
tions and he seems to have believed with 
difficulty that sickness can be due to 
simple deficiency. Yet it is a common- 
place of medical teaching that the soil is as 
important as the seed. In general, two 
influences tend to shape the amount and 
kind of work undertaken by a department of 
health: (1) the extent of scientific knowledge 
in a given field, (2) the social concepts pre- 
vailing in the government of the day. Ap- 
plication of knowledge may be inhibited by 
excessive costs, by the diffuseness of the 
problem to be met, or by alterations or re- 
strictions of daily living that control meas- 
ures would entail. Public health methods 
available for the application of scientific 
knowledge may be clumsy or ill defined. 
The public or officials of government or the 
medical profession may not be receptive to 
application under government auspices. 
These factors act and react on one another 
with the result that as newer knowledge 
becomes available, accomplishments fall far 
short of what is possible (Am. J. Pub. 
Health 33, 1124 (1943)). 

In the field of nutrition the two main 
factors to be overcome are (1) ignorance of 
what constitutes a healthful diet at the 
different stages of life, and (2) inability to 
provide the proper diet due to economic 
causes. As far as the lack of basic knowl- 
edge for the proper regulation of community 
nutrition is concerned, laboratory investi- 
gators are strenuously endeavoring to fill 
in the gaps, with increasingly brilliant 
results, but they are well aware how great 
are the gaps that remain. True, the at- 
tempts to apply these day-to-day findings 
to medical practice result in bewildering 
contradictions. At present there is lack 
of agreement among physicians upon the 
interpretation of many physical signs and 
indeed upon the significance of many bio- 
chemical and physiological tests. Most of 
these disagreements can be solved only by 
increased experience and by new information 
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coming from research institutions. There is, 
however, a considerable array of proved and 
generally accepted facts which can and ought 
to be applied without delay. One does not 
hesitate to apply bacteriological and im- 
munological knowledge because it is in- 
complete. Our understanding of all the 
infectious diseases grows steadily, but with 
the incomplete data at hand we have made 
great advances during the last fifty years. 

The ignorance with which the health de- 
partment must really concern itself is that 
of the public as regards what is a healthful 
diet and how to prepare it without de- 
stroying the essential nutrients. This cer- 
tainly is a most fertile field for health educa- 
tion and one in which the health department 
must take the initiative. On the economic 
side the burden cannot, of course, rest en- 
tirely on the health department, although it 
cannot escape from the responsibility of 
calling attention to the need with unflagging 
vigor. Health activities will largely be 


shaped by the policies of the government 


and by its economic resources. Behind the 
government, public opinion, slow and fum- 
bling, inevitably makes itself felt. The 
active health officer can do much toward 
shaping an informed public opinion and im- 
pressing the views on government. Today 
governments are strongly inclined toward 
legislation and appropriations for social 
betterment. 

Much can be learned about the manage- 
ment of nutrition on a large scale by a com- 
parison of the British experience in the last 
war with that of the past few years. Pro- 
fessor J. C. Drummond, Scientific Adviser 
to the Minister of Food, in a recent lecture 
pointed out that in World War I the govern- 
ment was severely handicapped by a lack 
of knowledge about the composition and 
function of foods. Most nutrition experts 
still thought in terms of calories, proteins, 
and fats. At the end of the war vitamins 
were just beginning to intrigue the more 
progressively minded. Vitamins for all 
practical purposes scarcely came into the 
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picture in the last war for those concerned 
with food supplies. No attempt was made 
to regulate specific nutrients such as vitamin 
A and calcium because there was no know!l- 
edge of the requirements of the body for 
these nutrients. Quantitative data did not 
exist. When the present war became im- 
minent the experience gained during and 
since the last war indicated what the food 
policy should be. Dietary surveys had 
shown that vitamin deficiencies existed in a 
considerable portion of the population. 
The prospect of shipping shortages made 
careful planning essential. Agriculture had 
to be greatly expanded to provide more 
wheat and potatoes. A vegetable planting 
program was put into effect particularly to 
provide vitamin C from leafy vegetables 
and provitamin A from carrots. Eighty- 
five per cent wheat-meal flour was made 
compulsory to provide the B-group of vita- 
mins. Margarine was fortified with vitamin 
A. A national scheme was put into effect 
to ensure an equitable distribution of milk 
between families of high and low income 
levels; to provide free or cheap milk to all 
expectant and nursing mothers, to children 
under 5 years, and to all schoolchildren. The 
protein element of the diet was supplemented 
by dried eggs and cheese. Every effort was 
made to secure a fair distribution of the 
foods important for good nutrition among 
all classes of the people. Dietary surveys 
and surveys employing both clinical and 
biochemical methods have been carried out 
continuously to attempt to assess the con- 
sumption of foods and to obtain a clear 
picture of the nutritional condition of the 
people. The publicity work of the Ministry 
of Food has been ably planned and has 
undoubtedly had a considerable effect in 
improving the dietary habits and in putting 
over advice on wartime foods and cooking 
to the people. Many valuable lessons have 
been gained from the necessity of war and 
it is hoped and expected that many of these 
wartime measures will survive the peace. 

Let it be admitted at once that what has 
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happened in Britain has been accomplished 
under the stress of war conditions. What 
then should be the policy of a peacetime 
health department? First of all, every 
state health department should have a divi- 
sion of nutrition headed by a competent 
person well. trained in medicine, public 
health methods, and thoroughly conversant 
with the science of nutrition. This division 
must be kept abreast of the times as regards 
nutritional research in order to understand 
new technics for use in dietary and clinical 
surveys. State divisions should not under- 
take research, but should leave that to the 
U.S. Public Health Service, university de- 
partments, research institutions, and other 
suitable organizations. There is already 
available a considerable body of well-es- 
tablished information as yet largely 
unapplied on a community scale. The three 
principal duties of the division should be to 
(1) inaugurate preventive measures, (2) 
promote educational campaigns, (3) conduct 
surveys in selected areas to discover the 
prevelant nutritional problems and to seek 
out cases requiring specific treatment. The 
division should ask the aid of research in- 
stitutions in the solution of its nutritional 
problems. 

A campaign to prevent malnutrition is 
logical for a health department. We have 
not hesitated to adopt special and often 
expensive methods to combat infectious 
diseases. Why should we not prevent 
rickets and scurvy among infants by the 
provision of protective foods or ensure 
stronger, healthier babies by food supple- 
ments for expectant and nursing mothers? 
Why should not children be allowed to attain 
full growth and an increased resistance to 
disease by milk supplements and school 
meals? Why should not health depart- 
ments endeavor to secure more nutritious 
bread for the whole community by com- 
pelling the millers to leave the essential 
nutrients in the flour? Why should not 
endemic goiter be prevented by adding 
iodine to salt or water supplies where it is 
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necessary? All of these measures should be 
put into effect and as knowledge develops 
a broader field for preventive methods will 
unfold. 

Perhaps the most important duty of the 
division of nutrition is educational. <A great 
deal can be done to support or stimulate the 
program of the Department of Agriculture 
for the promotion of vegetable gardening and 
for the establishment of dairying. Systems 
of marketing must be encouraged which will 
enable low-income city families to purchase 
farm commodities at prices within their 
reach. Much remains to be done toward the 
instruction of housewives in proper cooking 
methods and in the planning of meals. The 
division should be the unbiased adviser to 
the public in the matter of interpreting 
commercial claims for vitamin products and 
processed foods. The present position is 
confusing even for the intelligent layman and 
he should be able to look to his health de- 
partment for guidance. Special groups such 
as expectant mothers will require particular 
instruction. 


The most important group for 
instruction in nutritional matters is the large 


body of schoolchildren. In the schools 
access can be had to the children from year 
to year over a long period and it is with this 
section of the community that most can be 
accomplished by systematic instruction. 
Hot midday meals are valuable both for 
teaching new eating habits as well as for 
their nutritive contribution. 

Another way for the division to attack 
malnutrition is in the treatment of de- 
ficiencies already apparent. As in the case 
with some of the infectious diseases mal- 
nutrition appears more commonly and with 
greater severity among the poor. Educa- 
tional measures and propaganda penetrate 
to these people only with difficulty. Fre- 
quently the symptoms of deficiency disease 
are not severe enough to take these patients 
to a doctor, or the money to pay for medical 
care is not available. Surveys employing 
established and accepted methods will be 
especially useful in depressed areas to dis- 
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cover such cases, and treatment can be 
instituted to restore them to health. The 
survey method is already in use in some parts 
of the country and not only is useful informa- 
tion being collected, but many ill persons 
are being relieved of their symptoms. 
Dietary surveys also have their place in 
orienting clinical case finding methods and 
in supplying indications for the preventive 
and educational campaigns. 

No one can pretend that a department of 
health can alone carry out such a nutritional 
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program. Neither does it carry out many of 
its other functions without the cooperation 
of other agencies. The division of nutrition 
should act, however, as the centralizing 
agency for the formulation of an enlightened 
policy for the better nourishing of the 
people. 


Hues H. Sirs, M.D., 
International Health Division, 
The Rockefeller Foundation, 
New York City. 


NUTRITIONAL EXPERIMENTS WITH OLDER ANIMALS 


It can safely be said that most available 
information on nutrition is based on experi- 
ments dealing with the growth of young ani- 
mals rather than with their performance 
during adulthood. The advantages of the 


younger animals are obvious: the growth 
process appears to exaggerate the need for 
virtually every known nutrient, specific 


symptoms of deficiency develop in a rela- 
tively short span of time, growth is an easily 
measured criterion of adequacy, and finally, 
growth experiments permit a saving in time, 
in laboratory space, and in the expensive 
ingredients of experimental diets. 

Nevertheless, it would seem unwise to 
assume that there is any essential parallel 
between the requirements for the mainte- 
nance of the adult and the requirement for 
the growth of the young. Furthermore, a 
large portion of our people are past the grow- 
ing age and hence are personally interested 
in maintenance nutrition rather than in 
growth. Thus, for both practical as well as 
academic reasons, more studies ought to in- 
clude the entire life cycle of the animal 
rather than the mere initial phase of rapid 
growth. 

Another type of consideration leads to the 
same conclusion. It has generally been 
accepted that a moderate excess of the vari- 
ous vitamins promotes better health and 
resistance to disease than a deficiency in any 


one of them, but a series of observations on 
viruses and tumors unexpectedly points in 
the opposite direction. 

Reiner and Paton (Proc. Soc. Exp. Biol. 
Med. 30, 345 (1932)) infected well nourished 
rats with emulsions of trypanosoma equi- 
perdum that killed all of the animals in three 
and a half to four and a half days. Whena 
similar emulsion was given to rats on a diet 
deficient in the vitamin B-complex, the rats 
lived for from one to six days longer than the 
adequately fed controls. Sprunt (J. Exp. 
Med. 75, 297 (1942)) noted that poorly 
nourished rabbits were more resistant to the 
vaccinia virus than well fed rabbits. More 
recently Rasmussen, Waisman, Elvehjem, 
and Clark (J. Bact. 45, 85 (1943)) concluded 
that mice deficient in thiamin were more 
resistant to the Lansing strain of poliomyeli- 
tis virus than animals receiving adequate 
amounts of the vitamin, while Bloomfield 
and Lew (J. Nutrition 25, 427 (1943)) re- 
ported that rats on a diet deficient in the 
vitamin B-complex appeared to be relatively 
resistant to chronic ulcerative colitis. 

Workers in the field of cancer research 
have noted that the lives of tumor bearing 
rats or mice can be prolonged by a 30 to 40 
per cent reduction in caloric intake (Nutrition 
Reviews 1, 144 (1948); 2, 146 (1944)), and 
that underfed mice are relatively resistant to 
the formation of either spontaneous or in- 
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duced tumors. Indeed in some experiments 
the development of tumors was prevented 
entirely in the underfed group while well fed 
control mice showed a tumor incidence of 
over 90 per cent. 

When the azo dye, p-dimethylaminoazo- 
benzene, is fed to rats, the formation of liver 
tumors can be prevented by feeding a diet 
low in biotin, low in pyridoxine, or one in 
which the several B-vitamins are present 
merely in the amounts that will just main- 
tain the weight of an adult rat (Nutrition 
Reviews 1, 280, 361 (1943)). Diets very 
low in cystine likewise tend to minimize the 
formation of hepatic tumors ([bid. 2, 79 
(1944)). 

In the light of these observations Miller 
and Baumann (J. Nutrition 27, 319 (1944)) 
have raised the question whether a mild, 
tolerable dietary deficiency may not some- 
times be preferable to the margins of safety 
usually prescribed. This question violates a 
fundamental article of faith among nutri- 
tionists (and writers of radio advertising) but 
the suggestion is offered that “levels of 
nutrients may be found that are lower than 
the minimum needed for the growth of a 
virus or tumor, and yet are adequate for a 
reasonable degree of maintenance of the 
adult.’’ Under these conditions, suboptimal 
nutrition would appear to be the lesser of 
two evils. 

In a search for such levels rats were raised 
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from weaning to 12 weeks of age on low, 
medium, or high amounts of the B-vitamins. 
They were then maintained on a diet con- 
taining all of these vitamins or on diets from 
which one of the B-vitamins had been omit- 
ted. Adult rats deprived of choline or of 
nicotinic acid responded like rats receiving 
these vitamins. They survived for over a 
year, and they continued to grow and to 
appear healthy. By way of contrast, adult 
rats deprived of thiamin lost weight and died 
in about a month. Those deprived of ribo- 
flavin, pantothenic acid, or pyridoxine were 
intermediate in response between the former 
groups. Significantly these animals main- 
tained their weights and remained free from 
deficiency symptoms for many months, 
although ultimately such symptoms de- 
veloped. On the diet free of pyridoxine the 
rats maintained their weights for an average 
of eight months, and thereafter the chief 
symptom of deficiency was a loss in muscle 
tonus. Rats that received higher amounts 
of pyridoxine during the period of growth 
survived for over a year on the deficient diet. 
Apparently, therefore, the rat has some abil- 
ity to store pyridoxine. 

These results emphasize that the minimum 
requirements for maintenance are different 
from those needed for growth, and that the 
adult rat is a suitable animal on which to 
test a possible therapeutic effect of subopti- 
mal diets. 


ADEQUACY OF THE ESSENTIAL AMINO ACIDS 


The question as to whether a mixture of 
the ten accepted essential amino acids is an 
adequate and safe substitute for dietary pro- 
tein not only is of experimental importance, 
but has obvious practical implication in 
regard to clinical use of such materials. 
Rose (Physiol. Rev. 18, 109 (1938)) has 
shown that it is possible for the rat to gain 
in weight just as rapidly when a mixture of 
the ten essential amino acids serves as the 
source of dietary nitrogen as when the pro- 


_ otherwise. 


tein components are supplied preformed. 
Madden et al. (J. Exp. Med. 77, 277 (1943)), 
using dogs, found the amino acid mixtures to 
serve as well as most proteins for the synthe- 


sis of plasma proteins. Others have shown 
that a positive nitrogen balance can be main- 
tained with amino acid mixtures in a variety 
of animals and man. However, there have 
been reports in which the experience was 
Elman and Lischer (J. Am. Med. 
Assn. 121, 498 (1943)) found a protein hy- 
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drolysate superior to the synthetic mixture in 
studies on shock in dogs. Bauer and Berg 
(J. Nutrition 26, 51 (1943)) found that mice 
grew better on a protein hydrolysate. Al- 
banese and Irby (Science 98, 286 (1943)) 
have reported that rats receiving a mixture 
of the essential amino acids as a source of 
nitrogen not only failed to grow, but lost 
weight and died, while the controls receiving 
casein digests grew well. The implication is 
that either some as yet unknown essential 
amino acid is absent from the mixture or, if 
present, is in too small quantity; or that the 
amino acid mixture contains deleterious sub- 
stances. The fact that doubling the amino 
acid intake resulted in an even more striking 
loss in weight indicated that a deleterious 
factor was probably the cause, and it was 
suggested that the presence of some of the 
unnatural nonutilizable isomers of the amino 
acids which had been included by the use of 
d-l mixtures might be responsible. 

Kinsey and Grant (Science 99, 303 (1944)) 
have reported experiments which indicate 


that this particular suggestion of Albanese 


and Irby is insufficient. The latter investi- 
gators have, like Rose, obtained satisfactory 
growth in rats on an amino acid mixture 
which contains some of the nonutilizable 
isomers. Rats on 5.8 per cent amino acid 
levels grew slightly; those on 11.6 per cent 
levels, very much better. Although paired 
feeding with casein in the reported experi- 
ments supported somewhat better growth 
than the amino acid mixture, the authors 
say they have observed animals which com- 
pare favorably in growth with those receiv- 
ing the whole protein. The important point 
is that the experiments of Kinsey and Grant 
fail to support the contention that the un- 
natural forms of the amino acids are toxic 
when fed under the conditions of these ex- 
periments. However, it should be kept in 
mind that toxicity bears a relation to size 
of dose per unit time, and that the above 
experiment does not exclude the possibility 
that large intravenous doses of the unnatural 
amino acid would cause untoward results. 
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This is a point that should be studied further. 
The experiments of Albanese and Irby seem 
to be of importance in directing attention to 
the fact that some amino acid preparations 
may contain unknown concomitant toxic 
materials. This trouble was _ previously 
noted by others (Burroughs, Burroughs, and 
Mitchell, J. Nutrition 19, 363 (1940)). 

Martin (Proc. Soc. Exp. Biol. Med. 65, 182 
(1944)), also noting a greater growth of rats 
on a casein ration than on the essential 
amino acid mixture, has offered a new ap- 
proach to the problem. He has presented 
evidence that some amino acids, not at pres- 
ent considered essential, may be synthesized 
in the intestinal tract. 

Six groups of 5 young albino male rats of 
the Wistar Institute strain were used. They 
were placed on three diets, the first contain- 
ing the essential amino acid mixture, the 
second a vitamin free casein, the third an 
enzymatic casein digest. All diets contained 
sucrose, salts, and a complete vitamin mix- 
ture. There was no significant difference in 
food consumption on the several rations. 
Greatest growth was shown by the rats on 
the whole casein ration and least growth by 
those on the amino acid mixture. When 2 
per cent sulfasuxidine was substituted in the 
rations for a comparable amount of sucrose, 
the growth rate was lowered on all three 
diets. On the amino acid mixture, however, 
there was weight loss and death of all ani- 
mals during the experimental period of seven 
weeks. 

Since sulfasuxidine is known to interfere 
with the intestinal synthesis of ‘‘folic acid,” 
enough of the latter was prepared to feed 2 
rats on each of the three diets containing 
sulfasuxidine. This addition restored the 
growth rate produced by the casein ration 
to approximate that shown by control rats on 
stock diets, but the rats fed the amino acid 
mixture still failed to gain weight and died 
in the sixth week. 

Martin interprets these results as indi- 
cating that the sulfasuxidine interferes with 
the intestinal synthesis of one or more amino 
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acids not included in the essential list (Rose, 
Physiol. Rev. 18, 109 (1938)). These, pre- 
sumably, were contained in both casein and 
the enzymatic digest of casein. He states 
that he did not have sufficiently large 
amounts of the other amino acids to add to 
the amino acid mixture to find out which. if 
any would correct the postulated deficiency. 
Until this is done, Martin’s results are 
merely suggestive and his interpretation can- 
not be accepted without reservation. 
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For the most part, the studies on the 
adequacy of amino acid mixtures as a com- 
plete source of nitrogen have been for short 
periods only. Studies extending over longer 
periods and under various physiologic condi- 
tions (7.e. pregnancy and lactation) are 
needed to establish the equivalence of these 
mixtures to natural proteins. With mate- 
rials now available perhaps these will soon 
be forthcoming. 


STANDARDS FOR INTERPRETATION OF DIETARY SURVEYS 


The difficulties inherent in attempting to 
estimate the state of nutrition of a group of 
individuals have become apparent as various 
surveys have been reported, and have been 
reviewed in this journal on several occasions 
(Nutrition Reviews 1, 72, 108, 231, 302, 391 
(1943); 2, 43, 76 (1944)). Attention was 
called to the failure to obtain consistent 
correlation between dietary studies and 
findings on medical examination in a study 
of 546 selected children of high school age in 
a suburb of Toronto (Nutrition Reviews 1, 
891 (1948)). The greatest discrepancies 
occurred with respect to thiamin and as- 
corbic acid, with 56 per cent of the girls and 
70 per cent of the boys receiving less than 
70 per cent of the recommended daily 
allowance of thiamin, and 75 per cent of the 
girls and 80 per cent of the boys receiving 
less than 70 per cent of the recommended 
daily allowance of ascorbic acid. Yet no 
evidence of deficiencies of either of these 
vitamins was seen in the persons examined. 
The intake was calculated from individual 
records of food consumption for one week, 
the standards used in interpretation were 
the Recommended Dietary Allowances of 
the National Research Council, and the 
examination was directed especially to detect 
symptoms and signs of inadequate nutrition. 
No special tests for deficiency of the vitamins 
B, and C were done except measurement of 
capillary fragility, which had previously 


been found by these investigators to be an 
unsatisfactory index of ascorbic acid intake. 
The authors comment that ‘‘various conclu- 
sions may be drawn, any or all of which may 
prove to be correct: (1) the dietary records 
did not give a reliable assessment of nutri- 
tional conditions, (2) the standards in use 
are too high in several respects, or (3) the 
methods of appraisal used in this study were 
not sufficiently sensitive.’ The general 
level of health in these students, with 78 per 
cent of the girls and 85 per cent of the boys 
rated ‘in excellent or good health” by care- 
ful medical examination, gave emphasis to 
the second explanation, and the Toronto 
workers have reappraised the adequacy of 
the diets with respect to ascorbic acid and 
thiamin by using lower standards (Ferguson, 
Leeson, and McHenry, Canad. J. Pub. 
Health 36, 66 (1944)). 

When the data on thiamin intake were 
recalculated on the basis of an optimal re- 
quirement of 0.23 mg. per 1000 calories, as 
contrasted to the basic figure of 0.6 mg. per 
1000 calories used in determining the Na- 
tional Research Council’s recommendations, 
the grading of thiamin intakes changed re- 
markably. The grading is made on a rating 
of excellent for 90 per cent or more of the 
standard, good for 80 to 90 per cent, fair for 
70 to 80 per cent, and poor for below 70 
per cent. Whereas only 13 per cent of the 
girls and 8 per cent of the boys rated as 
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excellent on the basis of the National Re- 
search Council’s standard, now 97 per cent 
and 90 per cent, respectively, rate as ex- 
cellent; less than 2 per cent of each sex now 
rate as poor. A comparable change is ob- 
tained for rating of ascorbic acid intakes 
when the 30 mg. daily requirement of the 
Health Organization of the League of Na- 
tions is used as a standard instead of the 
much higher recommendations of the Na- 
tional Research Council. Whereas only 
about 8 per cent of both sexes received diets 
excellent in ascorbic acid when rated by the 
National Research Council standard, now 
81 per cent of the boys and 85 per cent of the 
girls are rated as excellent; the incidence of 
diets rated poor now is about 10 per cent for 
both sexes. The new grading of dietary 
supplies of these two vitamins is much more 
consistent with the results of physical ex- 
amination than were the original gradings. 
Also, when the ‘‘composite diet scores”? used 
in the over-all evaluation of the diet are re- 
calculated using the new gradings for thia- 
min and ascorbic acid, there is a definite shift 
toward higher scores, marked mainly by 
diets originally scored as good moving to the 
excellent classification, and those rated 
originally as fair moving to the good cate- 
gory. Now about 72 per cent of the diets 
are scored as good or excellent, as contrasted 
with about 57 per cent originally so classed. 
As 79 per cent of the girls and 77 per cent 
of the boys were clinically judged to be in 
good or excellent nutritional condition, it 
is concluded that, although no proof is 
available that the standards used in the 
recalculation are more reliable than the 
recommended allowances, their use has made 
the interpretation of food consumption more 
consistent with the physical evaluation of 
nutritional status. 

While this study forcibly illustrates the 
great difference in interpretation of the 
adequacy of dietary intake according to the 
standard used, its fundamental implications 
are much deeper. When standards for the 
optimal requirement of dietary essentials 
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are proposed which vary twofold or three- 
fold in magnitude, a reexamination of the 
data on which these proposals rest is indi- 
cated and particularly the need for more 
research is emphasized. The placing of the 
recommended allowance for thiamin at 0.6 
mg. per 1000 calories is apparently based on 
studies of experimental deficiency in human 
subjects by Williams and associates (Wil- 
liams, Mason, and Wilder, J. Nutrition 25, 
71 (1943)); Williams, Mason, Smith, and 
Wilder, Arch. Int. Med. 69, 721 (1942)). 
They obtained definite clinical manifesta- 
tions which were relieved by thiamin on 11 
women maintained on a diet supplying 0.22 
mg. of thiamin per 1000 calories, and in 
which 26 per cent of the total calories were 
derived from fat. These changes were usu- 
ally present at the end of eight weeks on the 
diet but were more definite after twelve to 
sixteen weeks. Biochemical evidence of 
deficiency was obtained by elevation of the 
blood pyruvic acid level after the intra- 
venous administration of glucose. This 
elevation did not occur in all subjects, and 
while it appeared as early as forty-nine days 
in some subjects, was not present after one 
hundred twelve days in others. Some of 
these subjects were then given graded small 
supplements of thiamin and the requirement 
estimated on the basis of urinary excretion. 
A sudden rise was stated to have occurred 
when the thiamin intake reached a level of 
0.4 or 0.5 mg. per 1000 calories; however, an 
intake of 0.5 or 0.6 mg. per 1000 calories was 
required to prevent symptoms in some sub- 
jects. The circumstances are such that 
these values may well represent minimum 
curative doses for a mild deficiency rather 
than -a preventive requirement. These 
workers then studied 5 women who were 
supplied with 0.45 mg. of thiamin per 1000 
calories for two hundred forty-three days, 
using urinary excretion and an elevation of 
the blood pyruvic acid after intravenous 
glucose as their criteria of deficiency. No 
details regarding the clinical observations on 
these subjects have been published. One 
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subject showed no change by chemical 
studies; small elevation of the blood pyru- 
vate level was reported in 3 subjects after one 
hundred thirty days, in the fourth after two 
hundred forty-three days. Definitely low 
levels of thiamin in the twenty-four hour 
urine specimen were reported on the one 
hundred thirtieth day for one subject, the 
ninety-fifth day for another, and inconsist- 
ently in the others. The excretion of 


thiamin after a test dose was consistently 


low in only one subject, after ninety-five 
days. 

The evidence for placing the requirement 
at 0.23 mg. per 1000 calories is based on a 
recent report (Nutrition Reviews 2, 139 
(1944)). 

While the interpretation of experimental 
thiamin deficiency is complicated by the fat 
content of the diet used, variations in meth- 
ods of testing for the biochemical lesion, and 
the possibility of the intraintestinal pro- 
duction of thiamin by bacteria (Nutrition 
Reviews 2, 109 (1944)), nevertheless an exam- 
ination of the recorded data suggests that 
the higher figure from which the recom- 
mended allowances are derived is based on 
the amount required to prevent low levels of 
urinary excretion and minor changes in body 
chemistry, with a liberal margin of safety. 
At the same time, the conditions of the 
study of Keys et al., particularly its limita- 
tions in time, make it extremely hazardous 
to accept a figure of 0.23 mg. per 1000 
calories as the optimal amount for man. 

The reasons for the discrepancy in stand- 
ards of adequacy for ascorbic acid intake are 
somewhat more clearcut. The figure of 
30 mg. per day rests largely on Géthlin’s 
demonstration that this was the minimum 
amount which would prevent abnormal 
capillary fragility under carefully stand- 
ardized conditions in 4 subjects (Géthlin, 
Frisell, and Lundqvist, Acta med. Scandinav. 
92, 1 (19387)). Although the capillary fra- 
gility test has proved unsatisfactory in this 
country, the Swedish investigators claim 
that their results make this figure the best 
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available estimate of the indispensable 
amount of ascorbic acid necessary to prevent 
a detectable change in body function, or the 
minimum daily requirement. The consid- 
erably higher allowance of the National 
Research Council, averaging about 85 mg. 
a day for the adolescent age group, is based 
on numerous determinations of the daily 
intake of this vitamin necessary to maintain 
the body stores of ascorbic acid in a state 
of saturation, as judged by blood levels, 
urinary excretion, and tolerance tests. Al- 
though it may be inferred from animal ex- 
periments that health in general is improved 
as a result of an intake several times the 
minimum requirement, conclusive evidence 
is as yet lacking that, in man, health and 
physical efficiency are impaired by a state 
of subsaturation of the body stores. The 
higher figure does not constitute a true op- 
timal requirement, but rather a measure of 
the maximal amount the body can han 
dle with physiologic economy. The true 
optimal requirement, that is, the intake nec- 
essary to permit maximum functional effi- 
ciency, must lie somewhere between these 
figures for minimum and maximum require- 
ment. 

With the limitations of present knowledge, 
it is probably best to use the maximum fig- 
ures In setting up standards for planning 
diets in order to be on the safe side. How- 
ever, the health officer who is interested in 
interpreting dietary intake in terms of ade- 
quacy in relation to health is placed in a 
dilemma. If he uses the minimum require- 
ment as a standard, he is subject to criticism 
in failing to appreciate the benefits to be 
derived from the application of the ‘“Newer 
Knowledge of Nutrition’? to human health; 
if he uses maximum standards, he places 
himself in a position of looking for evidences 
of impairment in health, the nature and 
actual existence of which are still matters of 
conjecture. The final answer must await 
further information from clinical and labora- 
tory studies. 
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NUTRITIVE VALUE OF BUTTERFAT 


The comparative nutritive value of fats 
is at all times an important subject and at 
the present time an extremely controversial 
one. The interest aroused by wartime 
shortages of butter and other fats has 
stimulated research but has not led to 
scientific agreement. Since all fats, except 
the few having unusually high melting 
points, have coefficients of digestibility ap- 
proaching 95 per cent (Holmes and Deuel, 
Am. J. Physiol. 64, 479 (1921)), they are 
of nearly equal value from an energy view- 
point. There are of course tremendous 
variations in their content of the familiar 
fat-soluble vitamins, A, D, and E, and it 
has become well established that at least 
some animals require certain unsaturated 
fatty acids which are present in a number of 
vegetable oils (Burr and Burr, J. Biol. Chem. 
86, 587 (1930)). That this does not com- 


plete the picture of the role played by the 
fats in animal nutrition is indicated by the 


announcement of a new fat-soluble substance 
essential for the guinea pig (Nutrition Re- 
views 1, 292 (1943)). 

Beyond this point we enter a field in 
which there is considerable disagreement. 
A group of investigators at the University 
of Wisconsin has presented data in support 
of the view that when lactose is the sole 
carbohydrate in the diet, butterfat is su- 
perior in value to a number of vegetable oils 
in the nutrition of the weanling rat and that 
this superiority is due to the presence in the 
butterfat of a saturated fatty acid or acids 
of high molecular weight (Nutrition Re- 
views 1, 122, 358 (1943)). However Deuel 
and co-workers, working at the University 
of Southern California (Deuel, Movitt, and 
Hallman, Science 98, 139 (1943); Deuel, 
Movitt, Hallman, and Mattson (J. Nutri- 
lion 27, 107 (1944)) have been unable to ob- 
tain corroborative results. 

The first publication in this field from the 
University of Wisconsin appeared in 1940. 
Schantz, Elvehjem, and Hart (J. Dairy Sci. 


23, 181 (1940)) reported that weanling rats 
receiving butterfat in a liquid skimmed milk 
diet made better and more efficient gains 
during the first two or three weeks of the 
experiment than rats receiving corn oil, coco- 
nut oil, cottonseed oil, or soybean oil. 
Schantz, Boutwell, Elvehjem, and Hart 
(J. Dairy Sci. 23, 1205 (1940)) reported that 
the superiority of butterfat for growth is due 
to a fatty acid or acids found in the saturated 
fatty acid fraction. They based this con- 
clusion on the observation that the recon- 
stituted triglycerides of the saturated fatty 
acid fraction, when incorporated into a diet 
containing corn oil, permitted a growth rate 
even greater than that obtained with a simi- 
lar diet containing butterfat. The recon- 
stituted triglycerides of the unsaturated 
fatty acid fraction, on the other hand, im- 
proved corn oil very little if at all. Bout- 
well, Geyer, Elvehjem, and Hart (J. Dairy 
Sci. 24, 1027 (1941)) presented further data 
in support of the existence of a growth pro- 
moting long-chain saturated fatty acid in 
butterfat. They also reported that butter- 
fat contains relatively large amounts of the 
unsaturated form of this compound while 
corn oil, coconut oil, cottonseed oil, and soy- 
bean oil do not contain appreciable quanti- 
ties of either the saturated fatty acid or its 
unsaturated form. Boutwell, Geyer, ElI- 
vehjem, and Hart (J. Dairy Sci. 26, 429 
(1943)) extended their observations to diets 
containing dextrose, sucrose, dextrin, and 
starch as well as lactose and found that the 
superiority of butterfat holds good only for 
diets containing lactose. They noted that 
the lactose diets gave the poorest growth 
and postulated that lactose depresses a bene- 
ficial intestinal flora which is present when 
the other carbohydrates are fed. The 
authors argue that butterfat may exert its 
influence in counteracting the deleterious 
effect of the lactose either directly by sup- 
plying an essential growth factor (the sat- 
urated fatty acid or acids) or indirectly by 
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stimulating the production of some essential 
factor of unknown nature by the bacterial 
flora. This hypothetical substance would 
not necessarily be fat soluble. An interest- 
ing point brought out by these investigators 
is that the younger the rat placed on the 
lactose-containing diet the greater the bene- 
ficial effect of butterfat in comparison to the 
vegetable oils. This might be explained on 
the basis of smaller stores of the essential 
factor in younger animals. Geyer, Bout- 
well, Elvehjem, and Hart (Science 98, 499 
(1943)) have described certain lactose-con- 
taining diets as being most suitable for 
studies of this kind. They state that these 
new diets accentuate the difference in the 
nutritive value of butterfat and corn oil. 
Deuel, Movitt, Hallman, and Mattson 
(J. Nutrition 27, 107 (1944)) have recently 
reported the results of extensive experiments 
on the comparative nutritive value of fats. 
They conclude that corn oil, cottonseed oil, 
olive oil, peanut oil, soybean oil, or mar- 
garine are equal in nutritive value to but- 
terfat and reject the idea that butterfat 
possesses essential saturated fatty acids not 
present in other fats. The diets employed 
by these investigators consisted of min- 
eralized skimmed milk powder 70.6 per cent, 
and butter or butterfat, margarine or mar- 
garine fat, or one of the vegetable oils 29.4 
per cent. The margarine or margarine fat 
was fortified with vitamin A and the natural 
vegetable oils were supplemented with 
vitamin A (both carotene and vitamin A 
concentrate), vitamin D, vitamin E, and 
commercial butter flavor or diacetyl, which 
was shown by van Niel, Kluyver, and Derx 
(Biochem Z. 210, 234 (1929)) to be the 
characteristic flavoring substance in butter. 
Great care was taken to exclude all rancid 
fats. The diets were prepared weekly and 
refrigerated, and a special type of hopper 
was used to minimize the spilling of food 
and thus permit accurate determination of 
food consumption. Large numbers of wean- 
ling rats were used in their studies and the 
litter mates equally distributed among the 


various diets. Males and females were 
considered separately. The experiments 
lasted for twelve weeks. The animals were 
weighed weekly and at the end of the third 
and sixth experimental weeks the length of 
the left tibia was measured by preparing 
x-ray photographs and reading them with a 
cathetometer. 

No superiority of butterfat was found in 
these experiments, either in the rate of 
growth as measured by gain in weight or 
tibia length or in the efficiency of trans- 
formation of the various diets to body tissue. 
In no single test was the average growth of 
the rats on the butter diet the highest. 
This was true whether the values used for 
comparison were taken after three weeks or 
after twelve weeks. The ratios of food 
intake to gain in weight increased from the 
first week to the sixth as the weight curves 
started to flatten but for any individual week 
the figures for the various diets were similar 
and did not favor the group receiving the 
butterfat. 

Deuel and co-workers offer several ex- 
planations as to why their results differ from 
those of the Wisconsin group. They reject 
the differences in efficiency of transformation 
of diet to body tissue reported by Schantz, 
Elvehjem, and Hart (J. Dairy Sci. 23, 181 
(1940)) because of the fact that the fat ad- 
mittedly tended to separate out from the 
skimmed milk and thus led to irregularities 
in the composition of the food ingested at 
various times of day. This criticism would 
not, however, hold for the data on efficiency 
given in a later paper by Boutwell, Geyer, 
Elvehjem, and Hart (J. Nutrition 26, 601 
(1943)) in which dry synthetic rations were 
employed, and where, for example, on a live 
weight basis efficiencies of 42 and 29 per 
cent were reported for butterfat and corn oil 
respectively at the end of the initial three 
weeks when lactose was the sole carbo- 
hydrate. At the end of six weeks the figures 
were 39 and 36 respectively. Deuel et al. 
point out also that carotene was the sole 
source of vitamin A for the rats receiving 
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vegetable oils while those receiving butter- 
fat obviously received preformed vitamin A 
as well. (No one has shown vitamin A 
itself to have any beneficial physiologic 
properties not possessed by 8-carotene, pro- 
viding adequate amounts of the latter are 
given.) It should be mentioned that the 
Wisconsin workers found that the non- 
saponifiable fraction of butterfat, prepared 
so as to preserve both the §-carotene and 
vitamin A, did not alter the results when 
added to corn oil and coconut oil, nor did 
decreased growth result when completely 
hydrogenated butterfat (in which all vita- 
min A and §-carotene would have been 
destroyed) was substituted for the original 
butterfat. In fact, slightly better growth 
was reported. The chromatographic pro- 
cedure used to remove flavoring compounds 
should also have removed the vitamin A 
present. Again, Deuel et al. note that the 
starting weights of the animals in some in- 
stances favored the butter group. In one 
series the males receiving butterfat averaged 


42 g. against 32 g. for those receiving cotton- 
seed and soybean oils, and the females 


averaged 39 g. against 30 g. It should be 
pointed out that the growth curves to which 
this refers show identical starting weights 
for butterfat, corn oil, and coconut oil, all 
of which, according to the text, were started 
at the same time. Later the cottonseed and 
soybean oils were run and as the curves show, 
the rats had equal initial weights. It is of 
course well known that in ad libitum feeding 
experiments on weanling rats, the animals 
with the greater starting weights tend to 
outgain their smaller litter mates given the 
same diet. Deuel and associates further 
stress the importance of distributing litter 
mates throughout the various groups and 
criticize the idea that increased appetite for 
a food in ad libitum feeding experiments 
must necessarily indicate a superior food. 
The history of animal nutrition, however, 
bears this out. 

In a second publication, Deuel, Movitt, 
and Hallman (Science 98, 139 (1943)) report 
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that rats given a choice of margarine fat or 
peanut oil with or without diacetyl, ate more 
of the diacetyl-flavored diets eighteen times 
and of the unflavored diets in only one in- 
stance. They suggest that the original 
results of Schantz et al. may have been due 
to the fact that weanling rats prefer a butter 
flavor and hence eat more of such a diet, 
although Deuel et al. were unable to find 
superior growth for animals fed butterfat 
when single-choice experiments were em- 
ployed. Boutwell, Geyer, Elvehjem, and 
Hart (Proc. Soc. Exp. Biol. Med. 55, 153 
(1944)) also studied the factor of flavor and 
concluded that the removal of flavor from 
butterfat by chromatography or the addi- 
tion of butter flavor (diacetyl) to corn oil 
does not affect the comparative nutritive 
values of these two fats when lactose is the 
sole carbohydrate in the ration. They also 
presented data on the growth of the rats fed 
butterfat and corn oil when dextrose was the 
sole carbohydrate and report identical gains 
made on both fats. 

The difference of opinion concerning the 
comparative nutritive values of fats is not 
restricted to these two groups of investiga- 
tors. Gullickson, Fountaine, and Fitch (J. 
Dairy Sci. 25, 117 (1942)) studied the use 
of lard, tallow, coconut oil, peanut oil, corn 
oil, cottonseed oil, and soybean oil as sub- 
stitutes for butterfat in the ration of calves 
and concluded that the calves fed butterfat 
excelled those in all other groups in average 
daily gain in weight as well as in general 
well-being. In their experiments some of 
the calves receiving corn oil, cottonseed oil, 
or soybean oil died and others were saved 
only by changing to whole milk. Boer 
(Acta brevia Neerland. Physiol., Pharmacol., 
Microbiol. 11, 180 (1941)) reported better 
growth in rats fed butter than those fed olive 
oil. Harris and Rosenfeld (Am. Chem. Soc. 
Meeting, Detroit, Mich. p. 5,Sept.(1940)) and 
Freeman and Ivy (J. Dairy Sct. 25, 877 
(1942)) found better growth of weanling 
rats fed butterfat than of those receiving 
coconut oil although the difference found 
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by Freeman and Ivy in the first seven weeks 
of the experiment was not statistically sig- 
nificant. On the other hand, Harris and 
Mosher (Food Research 5, 177 (1940)) re- 
ported better growth of 120-day-old rats 
placed on a diet containing coconut oil than 
of those given butterfat, and von Euler, 
von Euler, and Siberg (Arkiv. Kemi, Min- 
eral. Geol. 15B, no. 8, 3 (1941); Chem. Abst. 
36, 801 (1942)) observed much better growth 
for young rats on a diet containing mar- 
garine than on a similar diet containing 
butter. In the field of human nutrition, 
Holt and co-workers (J. Pediatrics 6, 427 
(1935)) reported that olein, olive oil, and 
soybean oil are superior to butterfat in the 
nutrition of premature infants because they 
are more readily absorbed. 

In the face of these diametrically opposed 
points of view, the only possible referees are 
time and additional experimental results ob- 
tained by various workers using identical 
rations. It should be kept in mind that in 
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Until recently, interest in the contribution 
which beverages make toward the vitamin 
content of the average diet has been lacking. 
However, Drummond and Moran (Nature 
153, 99 (1944)) have called attention to the 
fact that beverages like ale, beer, and tea 
contain appreciable amounts of vitamins. 
The riboflavin content of beer appears to be 
related to the strength of the brew. Samples 
of malt gave values of 5.6 micrograms per 
gram, whereas barley showed 2.5 micrograms 
per gram. On the basis of 1 pound of barley 
vielding 3} pints of beer, the authors calcu- 
lated that complete extraction of the ribo- 
flavin from the malt would give a beer of 
approximately 1.3 mg. per liter. Actually, 
values for beer ranging from 0.5 to 1.7 mg. 
per liter have been found in the laboratories 
of the Cereals Research Station of the 
Ministry of Food and in other laboratories. 
Drummond and Moran found that a sample 
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nutrition a failure to confirm does not con- 
stitute per se an indictment of the original 
observations. Much depends on the strain 
of animals used, the diet fed to the breeding 
colony, and other more obscure factors. 
In their experiments, Deuel et al. used a 
basal ration of skim milk powder which con- 
tained 1.1 per cent of lipids, presumably 
butterfat, while the work at Wisconsin was 
done on fat-free milk powder or on synthetic 
basal rations. Thus rats fed the vegetable 
oil rations of Deuel et al. appear to have 
received some butterfat. The Wisconsin 
investigators stress the fact that more 
marked differences in growth due to fat 
result when a high level of lactose is fed. 
Replacement of the lactose by other carbo- 
hydrates gives growth which is independent 
of the fat. This carbohydrate-fat relation- 
ship would appear to be of fundamental im- 
portance in studies concerning either class 
of nutrients. 


BEVERAGES 


of strong ale as supplied to Queens College, 
Oxford, before the war gave a riboflavin 
figure as high as 3.9 mg. per liter. The ribo- 
flavin content decreases slowly with time. 
Thus, a brew of 1798 to celebrate the Battle 
of the Nile contained only 0.8 mg. per 
liter. The riboflavin was determined both 
by microbiologic and by biologic tests. 

The content of nicotinic acid in beer has 
been found to be as high as 15 mg. per 
liter. It may be of interest to know that 
the daily consumption of half a liter of 
beer of this niacin potency, an amount 
which was not too uncommon in certain 
European countries, would furnish almost 
50 per cent of the recommended daily al- 
lowance of nicotinic acid and 15 to 30 per 
cent of the recommended amount of ribo- 
flavin. 

American observers have been struck by 
the rarity of deficiency conditions in Great 
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Britain, but beer-drinking cannot provide a 
complete answer since abstainers do not 
exhibit a particular incidence of riboflavin 
deficiency. It is, however, well known that 
England is a tea-drinking country. Dr. W. 
H. Sebrell in this country investigated the 
riboflavin content of tea and found appreci- 
able amounts (private communication to Sir 
J.C. Drummond). Drummond and Moran 
report that tea contains 9 micrograms ribo- 
flavin per gram, and that coffee contains 1.7 
micrograms per gram. Thus,a cup of tea 
contains about 10 micrograms of riboflavin. 

Teply, Krehl, and Elvehjem reported at 
the Cleveland Meeting of the American 
Chemical Society that roasted coffee con- 
tains approximately 0.1 mg. of nicotinic 
acid per gram, when measured by the micro- 
biologie assay. An analysis of coffee as 
dispensed in several restaurants indicated 
that an average cup of coffee contains about 
1 mg. of nicotinic acid and studies with dogs 
indicated that the animal is able to utilize 
the material measured by the microbiologic 
assay. 
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Reexamination of commercial meat ex- 
tracts showed that they are rich in ribo- 
flavin and nicotinic acid. The amount of 
riboflavin found varied between 15.4 and 
25.8 micrograms per gram and that of 
nicotinic acid, between 410 and 1025 micro- 
grams per gram. A cup of these extracts 
would provide on the average 0.2 mg. of 
riboflavin and 7 mg. of nicotinic acid. The 
authors venture the possibility that the 
relatively high nicotinic acid content of meat 
extracts may prove to be related to their 
reputation as stimulants. They also empha- 
size that any concentration of vitamins in 
extracts means a corresponding poverty in 
corned beef. 

The practical importance of the results 
presented by Drummond and Moran are 
manifold. Of foremost importance, how- 
ever, is the demonstration of large amounts 
of riboflavin and nicotinic acid in malt. The 
authors stress that malt products may be of 
considerable importance as ingredients of 
bread and breakfast foods. 


FACTORS INFLUENCING THE CONTENTS OF PROVITAMIN A AND VITAMIN C 
IN PLANTS 


Recently much effort has been devoted to 
the study of factors affecting the rate of loss 
of vitamins from food products during 
processing, storage, and cooking under vari- 
ous conditions. In foods from animal 
sources, some studies have been in progress 
for a considerable time seeking methods of 
increasing the amounts of vitamins in the 
original fresh product, butter for example. 
Food products from plants, however, have 
been rather neglected from this viewpoint, 
more inquiries having been directed toward 
methods of determination and preservation 
of the vitamin content of the plant than 
toward obtaining knowledge of the precise 
factors responsible for the original vitamin 
content. 

This latter problem is now being attacked 


from several angles. Factors affecting the 
content of the fresh plant will be considered 
here. Some considerations involved are (1) 
the nature of the plant (or part of a plant) 
itself, and whether it contains the vitamin 
studied; (2) the effect of genetic constitution 
(species, variety, or strain) upon the con- 
centrations produced or upon the mode of 
formation of the vitamin; and (3) the effect 
of environmental conditions (such as mineral 
nutrition, soil fertility, temperature, and 
quality and quantity of radiant energy avail- 
able) upon the concentration of the vitamin. 

Concerning the first point, one does not 
find provitamin A (usually beta-carotene) in 
the edible root of the garden radish, for 
example, though the leaves no doubt contain 
carotene, which is almost universally present 
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in plant parts that contain chlorophyll or 
carotenoids. The occurrence of a vitamin in 
a plant part or organ is of course an expres- 
sion of genetic factors, which leads us to the 
second point, the effect of such factors upon 
the concentration of vitamins. In a recent 
survey of the genus Lycopersicon, Lincoln 
and co-workers (Bot. Gaz. 105, 113 (1943)) 
found extraordinarily great ranges in the 
contents of beta-carotene (a hundredfold), 
lycopene (more than five hundredfold), and 
vitamin C (thirteenfold) in the ripe fruits. 
The content of beta-carotene varied most 
widely in a segregating population involving 
a cross of red-x green-fruited species, (L. 
esculentum and L. hirsutum). The strain 
highest in beta-carotene contained nine times 
as much as the highest commercial variety 
studied. L. pimpinellifolium and L. peru- 
vianum were highest in vitamin C content, 
the highest strain having three times as much 
as the highest commercial variety. These 
high strains contained thirteen times as 
much beta-carotene and four times as much 
vitamin C, respectively, as the average con- 
tent of the most widely grown commercial 
varieties. Tomatoes with such extremely 
high beta-carotene contents are promising 
parental material from which to breed new 
commercial varieties, improved from the 
nutritional standpoint. 

Went, LeRosen, and Zechmeister (Plant 
Physiol. 17, 91 (1942)) concluded that the 
beta-carotene content of detached tomato 
fruit is influenced very little by the tempera- 
ture of ripening, although this factor is 
important in the development of lycopene, a 
cartenoid of no vitamin A potency. Follow- 
ing a study of the relation between genes 
and carotenoids in the tomato (Proc. Nat. 
Acad. Sci. 27, 236 (1941)) these workers 
have concluded that two pairs of genes are 
responsible for the red or yellow flesh and for 
yellow or colorless skin, respectively. They 
reported the presence of several unidenti- 
fied carotenoids in tomatoes. Considerably 
more work is needed on this subject. 

Kemmerer, Fraps, and Mangelsdorf (Ce- 
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real Chem. 19, 625 (1942)) reported that the 
number of genes for yellow color in corn 
directly affects the total amount of vitamin 
A-active carotenoids, but does not affect 
their relative proportions. Similar results 
were reported earlier by Johnson and Miller 
(Cereal Chem. 15, 345 (1938)) and by Peter- 
son, Hughes, and Payne (Kansas Agr. Exp. 
Sta. Tech. Bull. 46 (1939)). Randolph and 
Hand (J. Agr. Research 60, 51 (1940)) found 
that the carotenoid content (and provitamin 
A content in proportion) of yellow corn was 
increased 40 per cent by doubling the chro- 
mosome number. White, Brunson, and 
Zscheile (Ind. Eng. Chem. (Anal. Ed.) 14, 
798 (1942)) found fourfold and sixfold varia- 
tions in total carotenes and cryptoxanthols, 
respectively, among four inbred lines of corn. 

Fluctuations in environmental facters can- 
not be avoided in agricultural practices. 
Since some such factors which may affect 
vitamin content of plants are often easily 
controlled experimentally, it is imperative 
that they be studied in this regard. Their 
effects may vary from plant to plant; each 
vegetable or fruit should be studied sepa- 
rately with respect to its specific require- 
ments and the practical range of its 
environmental growth conditions. Scheu- 
nert and Wagner (Biochem. Z. 303, 208, 266 
(1939-40)) found only insignificant effects of 
fertilizers on the vitamin A potencies of 
carrots, Brussels sprouts, green cabbage, and 
spinach. 

Hamner and Maynard (U.S. D. A. Mise. 
Pub. no. 602 (1942)) have reviewed the 
literature on the tomato up to 1942, dis- 
cussing these vitamins and other constitu- 
ents. Up to this date, studies on the effects 
of heredity on the vitamin C content appear 
somewhat contradictory and results are not 
clearcut and free from possible environ- 
mental complications. High levels of nitro- 
gen nutrition have been reported to increase 
the content of ascorbic acid (in apples and 
Swiss chard). Micro elements appear to be 
the main possibility as purely nutritional 
factors, although Lyon, Beeson, and Ellis 
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(Bot. Gaz. 104, 495 (1943)) found that lack 
of copper, iron, manganese, zinc, and molyb- 
denum made no difference in ascorbic acid or 
provitamin A contents of tomato fruits. 
Beneficial effects of boron on the carotene 
content of alfalfa have been reported. Lyon 
and Parks (Ibid. 105, 392 (1944)) found no 
difference between the ascorbic acid con- 
tents of tomatoes from boron-deficient plants 
and from controls. Maynard (Chem. Eng. 
News 21, 217 (1943)) has reviewed variety 
differences in apples, cabbage, and straw- 
berries. Hamner and Maynard concluded 
that next to variety, the meteorologic condi- 
tions (especially temperature and light) are 
of prime importance in determining the 
ascorbic acid content of tomato fruit. 

Published accounts surveyed by these re- 
viewers indicate that light is a factor affect- 
ing carotene content and that degree of 
ripeness is important. Different parts of a 
fruit may vary in content of vitamin C; 
sampling technic must be given special 
attention. One difficulty in evaluation of 
much data in the literature is that of com- 
parison of values obtained by one method 
(biologic or one of several modifications of 
chemical methods) with those obtained by 
other methods. 

Hamner, Lyon, and Hamner (Bot. Gaz. 
103, 586 (1942)) grew an inbred strain of 
tomatoes in sand culture involving eighty- 
seven different nutrient solutions. They re- 
ported no significant effect of these nutrient 
variations upon either the carotene or ascor- 
bie acid contents of the fruit from plants 
grown in the greenhouse or outdoors. Other 
experiments also indicated the importance of 
climatic factors and the unimportance of soil 
factors. Greenhouse plants in winter pro- 
duced fruit with one-half as much ascorbic 
acid as comparable plants in summer. 
Length of day (summer and winter differ- 
ences) is probably involved. Similar con- 
clusions regarding turnip tops have been 
reached at the U.S. Plant, Soil, and Nutri- 
tion Laboratory at Ithaca, N. Y. Ellis and 
Hamner (J. Nutrition 26, 539 (1943)) studied 
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the effect of environmental factors upon the 
carotene content of commercial tomato 
varieties. They noted higher contents in 
vine ripened fruit compared with those 
ripened in storage and in field-grown fruit 
compared with greenhouse fruit. 

The unusually high vitamin C content of 
rose hips varies during ripening. It is higher 
in the northern species; this variation may 
well be influenced by duration or intensity of 
light. Reid (Bull. Torrey Botan. Club 69, 
204 (1942)) concluded that high daylight 
intensity and long days affected favorably 
the amount of ascorbic acid in cowpea plants 
and emphasized the necessity of considering 
weather conditions in determining the har- 
vest time of fruits and vegetables. 

Maynard and Beeson (Nutrition Abstr. 
Rev. 13, 155 (1943)) after a critical survey of 
the pertinent literature, concluded that the 
accumulation of vitamins in plant tissues 
may be influenced by the variety and strain 
of the plant, by climatic conditions, and to a 
lesser extent by soil type and nutrient sup- 
ply. They point out that the vitamin C 
content of plants is a characteristic of variety 
or strain as well as of species and that this 
genetic influence may overwhelm any dif- 
ferences due to climate, soil, or fertilization. 
Of climatic factors, light has the greatest 
influence. The effect of fertilizers on the 
concentration of ascorbic acid in plant 
tissues is variable and is relatively small. 
In fact, once a level of nutrition sufficient for 
a plant’s development is reached, it seems 
that any further improvement will not 
greatly affect the ascorbic acid content. 
Similar conclusions were made by Schopfer 
(“Plants and Vitamins,’”’ Chronica Botanica 
Co. (1943)), who stated that the vitamin 
content of a plant is a function of its develop- 
ment, reaching a maximum at a given stage 
of growth, this maximum content being 
characteristic of a given race and that the 
only available method for improving the 
vitamin content is through selection and 
hybridization. 

In recent years the formation and chemis- 
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try of numerous cistrans isomers of carot- 
enoids have been studied intensively. 
Theoretical explanations are being devel- 
oped, principally by Zechmeister, LeRosen, 
Went, and Pauling. They reported the 
presence of prolycopene (Proc. Nat. Acad. 
Sci. 27, 468 (1941)) in the “tangerine 
tomato” as the first observed natural neo 
form of a Cgo-carotenoid and ascribed its 
presence to genetic factors. Zechmeister 
and Schroeder (J. Am. Chem. Soc. 64, 1173 
(1942)) reported the occurrence of neo iso- 
mers of lycopene and of gamma-carotene in 
berries of Pyracantha augustifolia and fruit 
of certain palms. The biologic potencies of 
few such neo isomers have been investigated 
although several have been reported as less 
potent than the all-trans compound, which 
is usually the more abundant isomer in 
plants. Obviously their presence in plants 
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may cause considerable error in analysis for 
provitamin A-active pigments unless their 
characteristics are known and their pres- 
ence recognized. Evidence is accumulating 
that the natural occurrence of such neo forms 
must not be neglected if accurate results are 
to be obtained by chemical methods. Their 
presence is probably widespread in piant 
products. 

The large number of contemporary in- 
vestigations of the effect of environmental, 
genetic, and other factors on the vitamin 
content of plants used for food is evidence of 
an awakening to a new concept of quality, 
particularly as applied to the so-called pro- 
tective foods. It is to be hoped that this 
trend will continue and that the collection of 
sound fundamental data will be followed by 
improvements in agricultural practices, mar- 
keting procedures, and cooking methods. 


SYNTHESIS OF BIOTIN FROM DESTHIOBIOTIN BY YEAST 


The isolation of biotin and the subsequent 


elucidation of its structure (du Vigneaud, 
Science 96, 455 (1942)) opened the way for a 
study of the relationship of structure to the 


biologic activity of biotin. While pursuing 
this problem, the group at Cornell (Melville, 
Dittmer, Brown, and du Vigneaud, Science 
98, 497 (1943)) ran across a degradation 
product of biotin which proved to be as 
active as biotin as a growth factor for Sac- 
charomyces cerevisiae, although it, unlike 
biotin, is free of sulfur. The sulfur free 
degradation product was called desthio- 
biotin. Either biotin or desthiobiotin, when 
added to the yeast strain used, produced half 
maximum growth increase at a concentra- 
tion as small as 1 part in 4.75 XK 10". This 
surprisingly high yeast growth activity of 
desthiobiotin raised the question whether 
desthiobiotin was a yeast growth factor per 
se, or showed activity because of a conver- 
sion to biotin by the yeast cell. That these 
two substances are not interchangeable in all 
circumstances was shown when it was found 


that desthiobiotin could not replace biotin in 
the media for certain other microorganisms. 
Thus, Lactobacillus casei required biotin but 
did not respond to desthiobiotin. The spec- 
ificity of L. casei toward biotin became of 
great experimental importance because it 
gave the investigators an opportunity to 
study the nature of the action of desthio- 
biotin on Saccharomyces. If desthiobiotin 
can substitute for biotin in Saccharomyces, 
1.e., a yeast growth factor per se, it means 
that the yeast grown under these conditions 
would be poor in biotin as tested on L. casei. 
If, on the other hand, the yeast synthesizes 
biotin from desthiobiotin, then yeast grown 
with desthiobiotin should contain large 
amounts of biotin measured as growth factor 
for L. casei in a biotin free medium. 

The following experiments were carried 
out by Dittmer, Melville, and du Vigneaud 
(Science 99, 203 (1944)). The growth 
effects of pure biotin and desthiobiotin, alone 
and in combination, were first determined on 
cultures of S. cerevisiae. A mixture of 
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biotin and desthiobiotin showed an additive 
effect on the growth of the yeast, 7z.e., 0.5 
microgram of biotin + 0.5 mitrogram of 
desthiobiotin gave a growth stimulation 
which corresponded to 1 microgram of biotin 
or 1 microgram of desthiobiotin. 

Biotin and desthiobiotin, singly and in 
combination, also tested for their 
growth effects on L. casei. The growth 
effect produced by mixtures of the two com- 
pounds was identical with that produced by 
biotin alone, and never larger. On the con- 
trary, desthiobiotin in concentrations higher 
than 0.47 X 10-7 molar exerted a definite 
antibiotin effect toward L. casei. Thus the 
addition of 2.3 X 10° molar desthiobiotin 
prior to incubation of the organism with 
biotin decreased the growth effect of the 
latter to one-half the value found in the 
absence of desthiobiotin. Such an anti- 
biotin effect has also been reperted by Lilly 
and Leonian (Science 99, 205 (1944)). 

In the experiments of Dittmer ef al. the 
assay for biotin in Saccharomyces was per- 
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formed in the following way: 8S. cerevisiae 
was grown in biotin free medium to which 
were added various amounts of desthiobiotin. 
At the end of the incubation period which 
usually lasted sixteen to forty-six hours, the 
medium and the cells were separated and 
both autoclaved, the medium without acid 


and the cells with acid. Heating to 120° 
with acid destroys 60 to 80 per cent of des- 
thiobiotin but none of the biotin. Both the 
autoclaved medium and the acid hydrolyzed 
cells were assayed for yeast-growth-promot- 
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ing factor (biotin + desthiobiotin) and for 
L. casei growth-stimulating factor, which is 
a measure only of biotin (or a vitamin 
equivalent to biotin with respect to L. casei). 

The experiments showed that desthio- 
biotin disappeared from the incubating yeast 
cultures and was replaced by an equivalent 
amount of biotin, or at least a substance 
possessing growth-promoting powers for L. 
casei. The conversion of desthiobiotin was 
almost complete for amounts of the order of 
0.1 microgram, whereas for amounts of the 
order of 1 microgram only 10 to 20 per cent of 
the desthiobiotin converted. Since 
resting yeast failed to convert measurable 
amounts of desthiobiotin to biotin, the au- 
thors suggest that the cells might synthesize 
amounts only sufficient to the needs of the 
growing cells. 

Lilly and Leonian list a number of micro- 
organisms, mainly molds like yeast and 
neurospora, which can use desthiobiotin 
instead of biotin. Du Vigneaud and his 
group call attention to the possibility that a 
biologic synthesis of biotin from the rela- 
tively easily synthesized desthiobiotin, on a 
preparatory scale, might be feasible with 
microorganisms which could convert larger 
amounts of desthiobiotin to biotin. The 
antibiotin effect of desthiobiotin for those 
organisms which cannot convert this sub- 
stance will undoubtedly prove to be of fur- 
ther experimental value. Speculations on 
possible practical applications of this dif- 
ferential antibiotic effect are perhaps also 
in order. 


was 


BIOCHEMICAL DEFECT IN CHOLINE DEFICIENCY 


Three principal functions have been ad- 
vanced for choline: (1) the formation of 
phospholipids which contain choline, (2) the 
formation of acetylcholine, and (3) as a sup- 
ply of labile methyl groups. The principal 
pathology of choline deficiency involves a 
fatty liver, hemorrhagic changes in the kid- 
ney (Nutrition Reviews 1, 156 (1943); 2, 207 


(1944)), and a depressed function of the 
vagus nerve. It would seem to follow logi- 
cally that in choline deficiency there is 
simply insufficient choline to form adequate 
amounts of phospholipid or acetylcholine. 
Since one of the functions of liver phospho- 
lipid is concerned with the removal of neutral 
fats from the liver, the postulated decrease of 
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phospholipid might readily explain the accu- 
mulation of neutral fat in the liver, although 
on this basis hemorrhagic degeneration in 
the kidneys would have a somewhat less 
obvious explanation. 

Patterson and McHenry (J. Biol. Chem. 
145, 207 (1942)) have in fact reported that 
the concentration of phospholipid in the kid- 
neys of young rats maintained for eight to 
ten days on a choline deficient diet was some 
38 per cent lower than that of normal con- 
trol animals. It was suggested by these 
authors that a failure of phospholipid forma- 
tion needed for the development of the grow- 
ing kidney might be responsible for the renal 
damage. It is well known that the renal 
lesions and fatty livers are most readily pro- 
duced on a choline deficient diet within seven 
to ten days with young animals. There is a 


marked decrease in the incidence of this 
pathology in older rats as well as a decreased 
choline requirement. 

The ability of methionine or a high casein 
diet to prevent the signs of choline deficiency 


has been attributed to their donation of 
methyl groups required for the synthesis of 
choline (Nutrition Reviews 1, 168 (1943)). 
By direct contribution of choline, triethy]- 
choline prevents the hemorrhagic kidney 
condition, and arsenocholine is similarly 
effective by its incorporation as such in the 
phospholipid molecule. 

It is clear therefore that a sufficient new 
supply of choline must be provided during 
the period of rapid growth to prevent fatty 
livers and hemorrhagic kidneys, but para- 
doxically it appears that the amount of 
choline actually present in the tissue is not 
decreased during dietary choline deficiency. 
In experiments extending more than eight 
weeks, Jacobi, Baumann, and Meek (J. Biol. 
Chem. 138, 571 (1941)) showed that despite 
dietary variations in the amount of choline, 
the choline content of the rat tissues re- 
mained essentially constant. Analyses of 
the whole rat carcass at different stages of 
growth clearly demonstrated the ability of 
the rat to synthesize choline. Further 
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experiments by Jacobi and Baumann (Ibid. 
142, 65 (1942)) showed that even during the 
critical deficiency period, the choline content 
of the hemorrhagic kidney was equal to or 
even slightly higher than that of the contro! 
tissue and that choline synthesis was normal. 
These investigators were first led to conclude 
that the limited rate of choline synthesis was 
insufficient during the critical growth period, 
and later that the symptoms of “choline- 
deficiency’? may even be due to the lack of 
some other methyl-containing derivative 
than choline itself. 

The constancy of the choline level found 
by the latter workers would appear to be in 
disagreement with the finding of decreased 
phospholipid reported by Patterson and 
McHenry. It must be pointed out, how- 
ever, that the former workers estimated the 
total choline in the phospholipid fraction, 
while the latter measured the whole fraction, 
and that the diets employed were not identi- 
eal, thus supplying different amounts of 
available methyl groups. In addition, dif- 
fering choline contents of the diets prior to 
the experimental period may have influenced 
the phospholipid level in the early period 
of choline deprivation, a possibility clearly 
shown by the data of Boxer and Stetten 
(Ibid. 153, 617 (1944)). 

Both Patterson, Keevil, and McHenry 
(Ibid. 153, 489 (1944)) and Boxer and Stet- 
ten were led to investigate, even if from 
apparently discordant previous conclusions, 
the rate of phospholipid formation and 
breakdown, or turnover, as influenced by 
dietary choline. This was not an entirely 
new approach since Perlman and Chaikoff 
(Ibid. 127, 211 (1939)) had previously 
shown that the administration of choline 
increased the rate of radioactive phospho- 
rus turnover in the liver phospholipids, an 
effect evident one hour after choline adminis- 
tration and lasting for ten to twelve hours. 
Patterson and co-workers undertook a simi- 
lar experiment with radioactive phosphorus 
(P**) under the special dietary circumstances 
required for production of kidney lesions, 
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Duplicate series of young rats were fed a 
basal diet of casein, corn oil, sucrose, salts, 
agar, and l-cystine with cod liver oil, thi- 
amin, riboflavin, calcium pantothenate, and 
pyridoxine supplementation. Each series 
was divided into two groups of 10 animals, 
one group receiving 3 mg. of choline per 
gram of basal diet, while the other was 
maintained without choline. On the ninth 
experimental day, and after a twelve hour 
fast, each animal was injected with 1 ml. of 
isotonic disodium phosphate containing 
radioactive phosphorus. Five hours after 
the injection the animals were killed, the 
livers and kidneys were analyzed for phos- 
pholipid by Bloor’s oxidation method, and 
the radioactivity of this fraction was 
measured. 

Considerable differences in the amount of 
phospholipid were noted both in the livers 
and kidneys of the choline treated and con- 
trol animals. In the case of liver, an average 
of 16 and 30 per cent more phospholipid oc- 
curred in the choline treated animals in the 


two series, and in the case of kidney, 91 and 


60 per cent more was noted. In measuring 
the recovery of radioactive phosphorus per 
gram of liver phospholipid, 34 and 25 per 
cent more was recovered, and for kidney 24 
and 16 per cent, in each case in favor of the 
choline treated animals. When the compari- 
son of percentage recovery of administered 
radioactive phosphorus was made on the 
basis of 100 g. of tissue, the kidneys of the 
choline treated animals were 60 per cent 
more active in one series, 47 per cent more 
in the other; for the livers 44 and 33 per cent. 

It is evident that the addition of choline 
to the basal diet not only maintained the 
level of phospholipid in these organs but also 
stimulated the phospholipid turnover. An- 
other series of experiments with 21 day old 
animals on the choline diet in which measure- 
ments of phospholipid were made at inter- 
vals during a thirty day period, indicated 
that the highest requirement for choline 
oecurs on or about the sixth experimental 
day, and that the normal phospholipid turn- 
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over is markedly reduced after that time. 
The authors conclude that if choline is 
absent during the crucial sixth to ninth day 
period, the phospholipid turnover is not 
sufficiently rapid to meet the demand for 
formation of phospholipid, with resulting 
pathology. The greater resistance of older 
rats to choline deficiency is related to their 
lesser requirement and demonstrated de- 
creased phospholipid turnover. 

Boxer and Stetten were led to their experi- 
ments on choline turnover in the phospho- 
lipids by the findings that choline deficiency 
may occur simultaneously with an un- 
changed choline content either of the whole 
animal or its individual tissues. They there- 
fore designed experiments to measure the 
rate at which dietary isotopic choline was 
incorporated into the phosphatides of the 
rat, and subsequently the disappearance of 
the choline from the phosphatides during 
choline deficiency. The basal diet in these 
experiments consisted of fibrin, casein, egg 
albumin, corn starch, lard, agar, and min- 
erals, supplemented with cod liver oil, 
thiamin, riboflavin, pyridoxine, calcium 
pantothenate, and nicotinic acid. Thirty 
rats, divided into six groups of 5 rats each, 
received a daily oral supplement of 50 mg. 
of isotopic choline chloride for five days. At 
the end of this period one group was sacri- 
ficed and the liver and carcass choline iso- 
lated and determined as the Reinickate salt, 
and the proportion of N'* determined by the 
mass spectrograph. The remaining rats 
were then deprived of the choline supple- 
mentation, and groups killed at five day 
intervals thereafter for similar analyses. 

There was evidence of a temporary storage 
of choline in the liver lipids since the value 
five days after choline deprivation was some- 
what more than at the eighth and subsequent 
days. This is hardly an effective storage 
considering the excessive amounts of choline 
fed previous to its deprivation. Whether 
this “slight, transient storage’’ described by 
Boxer and Stetten is the same as the decrease 
in phospholipid to which Patterson and co- 
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workers attach much greater significance is 
difficult to determine because of the dissimi- 
larity of the experiments and chemical 
measurements. The former investigators 
emphasize that fatty livers developed in 
their animals while the total quantity of 
choline in the phospholipids remained con- 
stant. They did not report hemorrhagic 
degeneration of the kidneys, but calculate 
that the diet employed provided sufficient 
nethyl groups to supply the 1 to 2 mg. of 
daily choline earlier reported adequate to 
prevent renal damage. 

The isotope data of these experiments in- 
dicated that when choline was fed, the half- 
life of the choline in the phosphatide was 
about six days, and approximately 3.9 mg. 
of choline was replaced daily per rat. On 
the choline deficient diet, and at a time when 
fatty liver develops, the half-life was in- 
creased to eighteen days and the daily 
replacement of choline decreased to 1.3 mg. 
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Choline deprivation in the diet therefore 
greatly decreased the rate of incorporation 
of choline into the phosphatides, even if the 
total amount of phosphatides remained con- 
stant. The authors conclude that the pa- 
thology of choline deficiency is related to this 
diminished rate of choline incorporation into 
the phosphatides. 

These complementary studies prove con- 
clusively the decreased turnover of phospho- 
lipid components during choline deficiency. 
During the active period of growth such a 
decreased phospholipid metabolism is appar- 
ently insufficient to accommodate fat .me- 
tabolism or transport, resulting in fatty liver 
and kidney pathology. At other periods of 
development, the normal rate of synthesis of 
choline from precursors appears to be suffi- 
cient to provide an adequate phospholipid 
turnover necessary for prevention of choline 
deficiency symptoms. 


ASCORBIC ACID AND SYNTHESIS OF CORTICAL HORMONE 


The interrelationship of vitamins with 
each other and of vitamins with hormones is 
one of the most fascinating nutritional prob- 
lems. The physiologic importance of this 
type of information is obvious. Attention, 
therefore, should be accorded the results of 
two different groups of investigators which 
suggest that ascorbic acid is somehow in- 
volved in the synthesis of the cortical hor- 
mone of the adrenal glands. 

In 1940, Giroud, Santa, Martinet, and 
Bellon (Compt. rend. Soc. de biol. 134, 100 
(1940)) reported that cortical hormone syn- 
thesis is dependent upon the presence of 
vitamin C in the adrenals. The adrenals of 
ascorbic acid deficient guinea pigs were 
extracted for cortical hormone and found to 
contain only one-tenth the normal values. 
Assays were made on extracts by producing 
“semi-contraction” of melanophore cells of 
fish when the hormone was injected. The 
authors demonstrated that: (1) the assay was 


not dependent on the ascorbic acid content 
of the adrenal extracts, and (2) normal 
amounts of cortical hormone were again 
present in the adrenals twenty-four hours 
after deficient animals were injected with a 
large dose of the vitamin. 

More recently, Sayers, Sayers, Lewis, and 
Long (Proc. Soc. Exp. Biol. Med. 55, 238 
(1944)) obtained similar evidence in an 
entirely different manner. They injected 
0.5 ml. of pure adrenotropic hormone into 
the peritoneal cavity of 24-day old male 
rats, sacrificed the animals at intervals dur- 
ing the subsequent twenty-four hour period, 
and determined the cholesterol and ascorbic 
acid content of the adrenals. The hormone 
produced a prompt decrease in the adrenal 
vitamin C content so that the level was 
reduced to two thirds of its original value 
within twenty minutes. The maximum de- 
crease was reached at the end of one hour, 
the level remained low for two to three 
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hours, and returned to its original value by 
the end of nine hours. Twenty-four hours 
after the injection of the hormone, the aver- 
age ascorbic acid content was greater than 
it had been in the controls. The adrenal 
cholesterol decreased at a slower rate, 
reached its lowest level within three hours, 
and returned to initial levels somewhere 
between twelve and twenty-four hours after 
the injection. The authors suggest that 
both cholesterol and ascorbic acid in the 
adrenal decrease because they are involved 
in the synthesis of cortical hormone. Ad- 
renotropic hormone was obviously used to 
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accelerate the formation .of the cortical 
hormone. 

While these results are certainly sugges- 
tive, they must not be accepted as proof that 
ascorbic acid is concerned directly with the 
synthesis of the adrenal cortical hormone. 
Sayers et al. state that comparable studies 
are now being made on guinea pigs because 
these animals do not synthesize ascorbic 
acid. The investigations are provocative 
and will probably stimulate the interest of 
other workers in the problem. It would be 
interesting to know whether patients with 
scurvy show unmistakable evidences of 
adrenocortical insufficiency. 


VITAMINJA AND THE NERVOUS SYSTEM 


A review of the development of knowledge 
concerning a particular problem affords the 
opportunity to obtain a longer term point of 
view than can be obtained from periodic 
reports as they customarily appear in the 
scientific literature, and also permits an 
insight into modifications of interpretations 
as newer bits of information are brought to 
light. In the Croonian Lecture (Proc. Royal 
Soc. (London) 132, 28 (1944)) Sir Edward 
Mellanby presents a resume of his work 
extending over twenty-five years on the 
relation of vitamin A deficiency to lesions of 
the nervous system, arising from the obser- 
vation of incoordination of movement in 
experimental animals in early investigation 
to discover the cause of rickets. The inde- 
pendence of this syndrome from rickets was 
recognized and, after the unraveling of com- 
plexities of the fat soluble vitamins, it was 
established in 1930 that a deficiency of 
vitamin A in the diet was the responsible 
factor. The picture of incoordination was 
produced in young animals, including pup- 
pies, rabbits, and rats, by diets deficient in 
but not devoid of vitamin A and carotene, 
and was characterized primarily by inability 
to run straight and an abnormal position of 
holding the head. Later deafness and stiff- 


ness, especially of the hindquarters, ap- 
peared. Young animals were more quickly 
and severely affected than older animals, 
and in adult animals a period of fifteen 
months or more on the deficient diet was 
required for the development of incoordina- 
tion which never became as great as in the 
younger animals. 
est, unexplained by subsequent investiga- 
tion, was the finding that if potato replaced 
the cereal (bread or oatmeal) in the deficient 
diet, only a slight degree of incoordination 
developed. This true although the 
livers of animals on the potato diet were 
found to contain no vitamin A. 


A second point of inter- 


was 


Histologic examination of the nervous sys- 
tem of the deficient animals revealed degen- 
eration of the vestibular division of the VIII 
cranial nerve which accounted for the ob- 
served incoordination, but it also showed 
degeneration of other areas which seemed to 
follow no systematic pattern. The cochlear 
division of the VIII nerve was even more 
affected than the vestibular division, and the 
optic and trigeminal nerves also showed 
degeneration. In a survey of the cranial 
nerves, the degeneration was confined 
mainly, though not entirely, to the sensory or 
afferent side. Similar findings were encoun- 
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tered on examination of the spinal nerves, 
where the posterior roots were found to con- 
tain many degenerated fibers at a time when 
no degeneration was seen in the anterior 
roots. But while the posterior root on one 
side might be damaged, the corresponding 
root on the other side might be normal or 
nearly so. The spinal nerves in the cervical 
region were most severely affected, in the 
lumbar region next, and in the thoracic 
region least. The condition of the periph- 
eral ganglion cells was in accordance with the 
occurrence of peripheral nerve degeneration. 
When attention was directed to the central 
nervous system, considerable variation was 
observed between species, and even from one 
animal to another in the same species. In 
general, the maximum degeneration was 
found between the level of entrance of the 
fifth cranial nerve and lower cervical region 
of the spinal cord. The ascending fibers 
were more affected than the descending, with 
the primary ascending neurons showing de- 
generation, particularly in the posterior 
columns. But degeneration of secondary 
ascending neurons, as in the cerebellar tracts 
and fillets, also occurred. Degeneration of 
the descending tracts was limited to those 
starting in and below the midbrain. Exami- 
nation of the nerve cells of the central system 
revealed abnormalities in general corre- 
sponding to the fiber tracts affected. 

When preparations of the entire labyrin- 
thine capsule were decalcified, embedded in 
celloidin and examined in serial section, 
masses of newly formed bone were found in 
the modiolus and internal auditory meatus 
which interfered with and eventually de- 
stroyed both the cochlear and vestibular 
branches of the VIII nerve. The extent of 
bone overgrowth paralleled the degree of 
incoordination and abnormal behavior ob- 
served. Subsequent study of all the cranial 
nerves and the surrounding bones established 
the presence of bone overgrowth as an ade- 
quate explanation for the nerve degeneration 
previously described. Bone overgrowth and 
dysplasia also appeared adequate to account 
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for the degeneration of the dorsal roots of the 
spinal nerves. Serial sections through the 
vertebrae, especially in the cervical region, 
showed reduction in size of the spinal canal 
with approximation of the body to the lateral 
portions of the vertebrae. In some the space 
was too small for passage of the spinal nerves 
and the posterior root ganglia could be seen 
squeezed between the bones. This com- 
pression was often greater on one side than 
on the other at any one level, accounting for 
the seeming inconsistency of involvement 
which had previously been so puzzling. 
This lesion also explained the degeneration 
of the primary ascending neurons in the 
posterior columns of the cord which have 
their cells of origin in the dorsal root ganglia. 
Returning to the skull to observe what 
effects bone dysplasia had on different parts 
of the brain, it was found that the greatest 
hypertrophy occurred in the bones surround- 
ing the posterior fossa, especially those in the 
base of the skull. 

Evidence was obtained suggesting that 
those bones which normally grow more 
vigorously during the period of induced defi- 
ciency show the greatest hypertrophy. The 
general effect of vitamin A deficiency results 
in a coarsening and thickening of the bone 
without an increase in over-all size, but with 
definite encroachment on the cavities which 
they surround and upon the interosseous 
foramina. The compression of portions of 
the nervous system by its bony covering 
appears to be an adequate explanation for 
the nerve lesions produced. 

In investigating the mechanism by which 
the bone dysplasia is produced, it was found 
that the calcium intake played a secondary 
role. Addition of calcium to the diets of 
both normal and vitamin A deficient dogs 
resulted in the production of more compact 
bone with less cancellous type of bone; how- 
ever the bone of the vitamin A deficient 
animals remained much thicker. Histologic 
study indicated a definite change in location 
of osteoclasts resulting from the deficiency. 
In sections of basal bones of the skull, it was 
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demonstrated that, in contrast with the 
abundant osteoclasts on the surface of the 
bone nearest the brain in the normal animals, 
in the deficient animals no osteoclasts were 
seen in the same position. A similar change 
was demonstrated in the vertebrae, with few 
osteoclasts on the internal surface of the bone 
of the deficient animals whereas they were 
numerous in the same position in the normal 
animals. Osteoclasts were numerous on the 
outer surfaces of the bones in the deficient 
animals; the effect of deficiency is a change 
in location rather than a suppression. The 
evidence is in accord with the gross findings 
that the damage to the nervous system 
results from the failure of the mechanism by 
which the increasing size of the central 
nervous system is accommodated: by the 
deposition on the external surfaces and ab- 
sorption on the internal surfaces of the sur- 
rounding bones. 

This demonstration of the chemical con- 
trol of osteoblastic and osteoclastic cells is of 
much interest to persons interested in the 
physiology of bone growth. However, the 


delineation of the mechantsm by which the 
neurologic lesions are produced in vitamin A 
deficiency necessitates a reevaluation of the 
possible significance of such a deficiency as a 
factor in certain diseases of the human nerv- 


ous system. Before it was appreciated that 
the lesions were essentially the result of the 
mechanical effects of the discrepancy in 
growth between the nervous system and its 
bony covering, Mellanby suggested in sev- 
eral articles (Brit. Med. J. 1, 677 (1930); 
Brain 64, 247 (1931); Edinburgh Med. J. 40, 
197 (1933)) and in a textbook (“Nutrition 
and Disease,” Oliver & Boyd, Edinburgh 
(1934)) that vitamin A deficiency was 
concerned in the production of ergotism, lath- 
yrism, the neurologic complications of pel- 
lagra, and the posterolateral sclerosis of the 
spinal cord seen in pernicious anemia. At 
one time he postulated that the primary 
lesion in vitamin A deficiency was in the 
nerves (J. Path. Bact. 38, 391 (1934)). The 
discovery that the experimental lesions 
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which Mellanby observed are secondary to 

bone dysplasia, plus the relatively limited 

age period of rapid growth during which they 

can be produced, makes it unlikely that vita- 

min A deficiency is concerned with the clini- 
al diseases mentioned. 

The experimental work upon which this 
Croonian Lecture is based together with the 
work of Wolbach and Bessey bearing on the 
same problems has already been reviewed 
(Nutrition Reviews 1, 419 (1943)). Wolbach 
and Bessey (Arch. Path. 32, 689 (1941)) re- 
ported retardation of skeletal growth in rats 
before growth of soft tissues, including the 
nervous system, is materially affected. 
They found the cessation of endochondral 
bone growth to be an early and direct conse- 
quence of deprivation of vitamin A. Mel- 
lanby, in this lecture, reiterates an early 
conviction of his that absence of vitamin A 
in rats results in multiple foci of infection 
and that these animals stop growing pri- 
marily because of infection. He does not 
give consideration to the many publications 
which have proved that the supposed foci of 
infection are in reality collections of keratin- 
ized epithelial scales and that 
results occur in all vertebrates in 
quence of vitamin A deficiency. 

Mellanby has not given consideration in 
any of his publieations to endochondral bone 
growth, the only mechanism involved in the 
increase of length of bone and therefore of 
supreme importance in growth at the base of 
the skull. According to Wolbach and Bes- 
sey cessation of endochondral bone forma- 
tion in vitamin A deficiency is not confined 
to the rat as they state that confirmatory 
experiments were made on dogs and guinea 
pigs. Wolbach and Bessey have confirmed 
the continuance of appositional bone forma- 
tion in certain regions in the skull of rats 
after cessation of endochondral bone growth 
of the skeleton as a whole. Inasmuch as 
the normal patterns of bone growth involve 
continuous remodeling through resorption 
of bone and because the necessity for such 
remodeling results in the main from increase 
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in size in directions determined by the 
epiphyses, it would seem logical to consider 
the possibility that the primary factor result- 
ing in untoward appositional bone deposits 
in vitamin A deficiency may be, as Wolbach 
and Bessey evidently believe, the disturb- 
ance of the growth pattern caused by re- 
tardation of endochondral bone formation. 
Should this be the case the explanation of 
the regional, continued, apparently exces- 
sive, appositional bone growth would require 
a detailed study of the order of formation of 
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centers of ossification and subsequent endo- 
chondral bone growth in the skeleton as a 
whole in any species used for experimenta- 
tion. The complex nature of the problem in - 
the skull is apparent. Admirable as Mel- 
lanby’s experimental work has been, his 
Croonian Lecture would have been of greater 
service in promotion of progress in a difficult 
field had he included for discussion all of 
current knowledge from anatomic and patho- 
logic sources. 


EDEMA AND VITAMIN B-COMPLEX DEFICIENCY 


Edema is observed in patients suffering 
from ‘‘wet beriberi,’’ a disease caused by a 
deficiency of thiamin. It is well known, 
however, that edema does not necessarily 
result from the consumption of diets defi- 
cient only in thiamin (Williams, Mason, 
Wilder, and Smith, Arch. Int. Med. 66, 785 
(1940)). Six female subjects were main- 
tained on a diet providing not more than 
0.15 mg. thiamin per day for an eighty-eight 
day period. They developed symptoms of 
thiamin deficiency such as depressed mental 
state, nausea, vomiting, and loss of weight 
but they did not show any signs of edema. 
A number of other investigators have re- 
ported similar observations (Nutrition Re- 
views 1, 46, 219, 252, 295 (1943)). At 
present it appears that the edema of beri- 
beri cannot be attributed specifically to a 
thiamin deficiency. 

Antopol and Unna (Arch. Path. 33, 241 
(1942)), in a study of the pathology of 
pyridoxine deficiency, conclude that edema 
of the corium (the deeper or connective tis- 
sue layer of the skin) is characteristic of this 
deficiency in the rat. Edema is generally 
included among the pyridoxine deficiency 
symptoms of the rat. Other investigators 
have suggested that members of the B-vita- 
min complex are involved in water me- 
tabolism. 

Haldi, Giddings, and Wynn (Am. J. 


Physiol. 141, 83 (1944)) planned an investi- 
gation to determine whether any particular 
fraction of the B-complex is required for the 
maintenance of water balance. Pairs of 
litter mate rats of about 60 days of age were 
fed, for a four week period, either a vitamin 
B-free ration or this ration mixed 10 to 1 
with dry brewers’ yeast. In one series the 
control and experimental animals were 
allowed to eat adslibitum while in the other 
the food intake of litter mates was equalized. 
At the conclusion of the experiment, the ani- 
mals were fasted for twenty-four hours with 
free access to water and then decapitated and 
the blood and various tissues analyzed for 
their water content. The tissues were dried 
in an evacuated desiccator over calcium 
chloride for forty-eight hours and then to 
constant weight over phosphorus pentoxide. 
(As a check on this procedure the tissues 
were transferred to an oven at 105°C. and 
found to lose only about 1 per cent more 
weight.) 

During the four weeks period the ad 
libitum series of vitamin B deficient males 
consumed 972 calories, the females 841 calo- 
ries, and their litter mates on adequate diets 
consumed 1587 and 1330 calories, respec- 
tively. The experimental males lost 23 per 
cent of their original body weight and the 
females lost 22 per cent in contrast with 
gains of 39 per cent and 32 per cent by their 
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litter mate controls. In the paired feeding 
experiments (adequate diet animals re- 
stricted to the amount of food consumed by 
their B-deficient litter mate) all the animals 
lost weight. On the B-free ration, the males 
lost 18 per cent of their original body weight 
and the females 19 per cent, while the con- 
trols lost 4 per cent and 13 per cent, respec- 
tively. Certainly the B-deficient group was 
less efficient in its use of the food provided. 

There were no significant differences in 
the water content of the brain, liver, kid- 
neys, and muscle from the animals receiving 
the B-free and the yeast supplemented 
rations, either when food was consumed ad 
libitum or in the paired feeding series. In 
the ad libitum feeding experiment, the skin 
and entire body of the animals on the B-free 
ration had a higher percentage water content 
than those on this diet plus yeast. In the 
paired feeding series, however, there was no 
significant difference in the percentage of 
water in the entire body of the animals 
receiving these two diets. It should be 
emphasized that the bodies of the animals 
receiving the yeast supplemented diet in 
restricted amount showed the same in- 
creased water content as those on the 
B-complex deficient diets. Thus in the ad 
libitum feeding series, the bodies of the males 
on the B-free ration contained 65.9 per cent 
water and the yeast supplemented group 
contained only 60.4 per cent; the females 
contained 64.7 per cent and 58.8 per cent 
water, respectively. In the paired feeding 
series, the males on the B-free ration con- 
tained 66.4 per cent and their controls 66.5 
per cent, while the females contained 66.1 
per cent and 65.6 per cent water. Thus the 
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larger percentage of water in the body of 
animals on the B-free ration must be at- 
tributed to the small food intake and not to 
the absence of the B-complex. 

The authors suggest that the difference in 
the water content of the body on the two 
rations may be related to a diminution in the 
fat content of the body. The animals on 
the B-deficient diet and on restricted food 
intake had all lost weight and were ema- 
ciated. The authors had previously ob- 
served that the percentage of water in the 
skin varies inversely with the fat content 
(Am. J. Physiol. 186, 392 (1942)). Other 
observers have noted a similar relationship 
between the percentage of fat and water in 
the entire body. No analyses were made 
of the fat content of the bodies of these ani- 
mals but in a similar series using female rats, 
the percentage water in the skin from ani- 
mals on the B-free ration was 61.5 while that 
of the control was 52.7; the fat content of 
the skin was 7.4 and 22.4 per cent, re- 
spectively. 

These experiments provide evidence of a 
nonspecific relationship between members of 
the vitamin B-complex and the maintenance 
of water balance in the body. The reduced 
food intake resulting from a deficiency of the 
B-vitamins would appear to be capable of 
altering the water content of the body. 
These experiments do not exclude a possible 
specific relationship between some members 
of the B-complex and the maintenance of a 
normal water content of body tissue, since 
the effects of individual deficiencies can be 
studied only in the presence of all the other 
members of the complex. 


METABOLISM AND FUNCTION OF ASCORBIC ACID 


The metabolism of a substance includes 
its absorption, distribution, formation (an- 
abolism), breakdown (catabolism), and 
excretion. With reservations concerning 
the differences in animal species, vitamins in 


general share with inorganic elements the 
distinction of not being synthesized in the 


animal tissue. An over-all approach in the 
study of the metabolism of a given substance 
involves “balance” experiments in which 
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intake and output are measured to determine 
whether synthesis or destruction within 
the animal tissue has occurred. A condition 
of balance, when intake equals output, can 
be attained with the elements N, P, and §, 
provided there is no storage or abnormal 
breakdown of tissue, since these can be 
neither synthesized nor destroyed. In as- 
corbic acid it is generally recognized that 
considerable destruction of this vitamin 
must occur in the tissues, since on a constant 
intake this greatly exceeds the output. 
Levcowich and Batchelder (J: Nutrition 
23, 399 (1942)) have found for example 
that on an intake of 50 mg. of crystalline 
ascorbic acid + an estimated 5 mg. in the 
diet, some 17 to 29 mg. were excreted, 
indicating that one half to two thirds of the 
ingested ascorbic acid was destroyed in 
metabolism. 

Studies on the chemistry of ascorbic acid 
have shown it to be sensitive to oxidation, 
the resulting dehydro form being itself 
unstable and convertible to diketogulonic 
acid. Of these three compounds, only 
ascorbic and dehydroascorbic acids are 
antiscorbutic. Since dehydroascorbic acid 
is only slightly less active than ascorbic 
acid itself, it is apparent that a considerable 
portion of an administered dose is reduced 
to ascorbic acid. That portion, however, 
which is converted to diketogulonic acid 
must be lost as a vitamin and probably 
accounts for the difference between intake 
and output of ascorbic acid previously 
noted. 

The opportunity for studying the meta- 
bolic relationships of the three substances 
awaited the development by Penney and 
Zilva (Biochem. J. 37, 39 (1943)) of an 
accurate micro method for determining 
diketogulonic acid in animal tissues. These 
authors (Ibid. 37, 403 (1943)) then studied 
the fate of administered dehydroascorbic 
acid and diketogulonic acid. 

After administration to guinea pigs, urine 
collections were made for a preliminary 
period, and then the animals were sacrificed 
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for analysis of the tissues and the contents 
of the intestinal tract. The injection of 
dehydroascorbic acid resulted in partial 
conversion to diketogulonic acid. After 
injection of 120 mg. of the dehydro com- 
pound, approximately 25 mg. of diketo- 
gulonic acid was excreted in the urine 
during the following twenty-four hours. 
Reduction to ascorbic acid was indicated by 
an increase of the latter in many of the 
tissues. This was particularly true in the 
liver indicating a rapid reduction in this 
organ. Jn vitro this reduction by liver 
tissue has been attributed by Schultze, 
Stotz, and King (J. Biol. Chem. 122, 395 
(1938)) chiefly to glutathione and other 
sulfhydryl compounds. Upon oral admin- 
istration of dehydroascorbic acid, 50 per cent 
remained unchanged in the stomach for some 
thirty minutes. At the higher pH of the 
intestine, considerable conversion to diketo- 
gulonie acid was noted. 

When diketogulonic acid was given intra- 
muscularly about 60 per cent was recovered 
after fifteen minutes, and only 30 per cent 
after one hour. Apparently diketogulonic 
acid, once formed, is readily destroyed in 
the organism. Little or no diketogulonic 
acid was absorbed after oral administration. 

In the normal state, dehydroascorbic acid 
is essentially absent from the blood stream. 
An estimate of the ratio of the reduced and 
oxidized forms of ascorbic acid might be 
judged from the amounts in the urine. 
Berryman, French, Harper, and Pollack 
(J. Nutrition 27, 309 (1944)) have deter- 
mined the total and reduced vitamin C in a 
six hour urine after intravenous administra- 
tion of 200 mg. of ascorbic acid. The 
excretion of total ascorbic acid paralleled 
that of the reduced form. The averages of 
the total and reduced ascorbic acid were 
29.4 and 24.2 mg. respectively, indicating 
that about one sixth of the total was present 
in the dehydro form. This proportion or 
more probably a lesser fraction would be 
expected in the blood or other tissues. 
Dehydroascorbic acid, once formed, must be 
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either reconverted to ascorbic acid, or suffer 
irreversible change. The irreversible change 
of dehydroascorbic acid has been studied by 
Rosenfeld (J. Biol. Chem. 150, 281 (1943)), 
more strictly from the chemical standpoint, 
but with interesting inferences to the 
metabolism of this substance. This work 
indicates that under approximated physi- 
ologic conditions there is a nonoxidative 
formation of the two-carbon oxalic acid 
from dehydroascorbic acid. Nearly quanti- 
tative rupture of the six-carbon chain to 
oxalic acid required a molecular ratio of 
dehydroascorbic acid to phosphate of at 
least 1:5 and a concentration of dehydro- 
ascorbic acid of less than 1 millimol per 
liter. All of these conditions are met 
physiologically. It is suggested that the 
oxalic acid normally excreted in the urine 
originates from ascorbic acid. Although 
considerable oxalic acid is ingested in various 
vegetables it is known that there isarelative 
independence of oxalate intake and excre- 
tion, and that the pathologic condition, 
oxaluria, is little affected by oxalate content 
of ingested foods. On the other hand there 
is a definite relationship between the normal 
vitamin C requirement and oxalate excretion. 
Dodds and Gallimore (Biochem. J. 26, 1242 
1932)) have determined an average of 
27 mg. of oxalic acid excretion daily in 
adults, which corresponds to the breakdown 
of 50 mg. of ascorbic acid. Oxalic acid 
excretion may therefore become a useful 
index of the metabolic loss of ascorbic acid. 

The ease of oxidation of ascorbic acid to 
the dehydro form has elicited many sug- 
gestions that ascorbic acid must function 
as an oxidation-reduction catalyst in the 
metabolism of other substances. Although 
in plant tissue there are active agents such as 
ascorbic acid oxidase and quinones which 
cause a rapid oxidation of ascorbic acid, in 
animal tissue the reduced vitamin is actually 
stabilized against the common oxidative 
effect of copper. The oxidation of ascorbic 
acid by the cytochrome system of animal 
tissues is not of the expected speed to 
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postulate an important catalytic function 
for the vitamin. The scorbutic animal as 
well as tissue slices of the deficient animal 
show an increased respiratory rate rather 
than decreased, and the addition of ascorbic 
acid to the slices of either normal or scorbutic 
tissue does not increase their respiratory 
rate. Such facts leave the burden of proof 
on those who postulate an oxidation- 
reduction catalytic function for ascorbic acid. 

It has been demonstrated that dehydro- 
ascorbic acid can be readily reduced by 
glutathione. Prunty and Vass (Biochem. J. 
37, 506 (1943)) have demonstrated an 
interesting relationship in vivo between 
ascorbic acid and glutathione. These work- 
ers observed during the course of experi- 
ments on ascorbic acid saturation tests that 
the concentration of glutathione in the red 
blood cells of man varies inversely with the 
plasma ascorbic acid level. The ratio of 
fall in glutathione to rise in ascorbic acid is 
fairly constant at approximately 10 moles 
tol. The authors suggest that the counter- 
balancing effect of glutathione may explain 
the delayed onset of scurvy consequent to 
lack of ascorbic acid, as well as the failure of 
ascorbic acid deficient tissues to display a 
decreased respiration. These theories are 
dependent on the assumption that ascorbic 
acid does perform a catalytic role in respira- 
tion and shifts emphasis to glutathione, the 
function of which is equally in question. 
Suggestions have been made that ascorbic 
acid and glutathione are present simply to 
maintain a fixed level of oxidation-reduction 
intensity, but these lack the desired satis- 
faction for a more detailed knowledge of 
function on a chemical basis. 

In summary, the metabolism of ascorbic 
acid involves oxidation to the dehydro 
form, some of which suffers irreversible 
destruction to diketogulonic acid and oxalic 
acid. Whether the initial oxidation and its 
reversal is a phase of the physiologic function 
of ascorbic acid has not been adequately 
proved. 
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Having in mind the importance in time of 
war of a knowledge of the effects of vitamin 
deficiency on activity, Bloomfield and 
Tainter (J. Lab. Clin. Med. 28, 1680 (1943)) 
undertook experiments in rats to aid in 
evaluating the rather conflicting observa- 
tions in the literature. In the first experi- 
ment one group of 10 rats was fed a diet 
presumably adequate in all respects while 
another, after a three week period of 
observation, was given an essentially similar 
diet except for the omission of yeast. The 
activity of the animals was measured by 
keeping them in revolving cages where their 
movements could be easily recorded. 

It was observed that during the control 
period there was a tendency to an increase in 
activity of both sets of rats. This even- 
tually became more or less unvarying. 
When yeast was omitted from the diet, the 
activity of the rats deprived of these 
vitamins almost at once increased signifi- 
cantly as compared with that of the animals 
which continued to receive a complete diet. 
After several days, however, this preliminary 
increase in activity was followed by a slowing 
which dropped to a point below the level 
of the controls. 

Two defects in this experiment were 
noted; one was that there was a marked 
individual variation between the animals 
so that the average response outlined above 
by no means corresponded with the indi- 
vidual reactions. A second defect rose from 
the fact that the control animals were given 
a reduced amount of food in order that their 
weight loss should be approximately the 
same as that of the deficient animals. As a 
result the quantity of yeast they received 
was also reduced and a partial vitamin 
deficiency may have been produced. 

In the next experiment all animals 
received the same basal diet, supplemented 
by the separate administration of vitamin 
B-complex. After a rather prolonged period 
of control observations, one group of animals 
was deprived of the B-complex whereas the 
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other group continued to receive the same 
amount of vitamins even though the food 
intake was reduced so as to produce a weight 
loss of the same degree as in the deficient 
animals. The results were similar but more 
striking than in the first experiment. A 
phase of increased activity following depri- 
vation of vitamins, which lasted approxi- 
mately two weeks, was followed by 
substantial slowing. Reduction of food 
without deprivation of the vitamin B-complex 
was associated with a less marked increase 
of activity and was not followed by a 
subsequent slowing. When all of the rats 
were restored to their original diets, both 
sets showed an immediate drop in activity 
to a low level. 

The authors interpret the increased ac- 
tivity as a probable reflection of the animals’ 
seeking necessary food. The second phase 
of slowed activity which followéd soon 
thereafter is interpreted as specifically related 
to the effects of deprivation of B-vitamins. 
They stress the fact that this slowing of 
activity occurred long before the animals 
showed any visible evidence of deficiency 
disease. They speculate in reference to 
man that the effects of B-complex deficiency 
may appear rather early following ingestion 
of a deficient diet and that changes in 
activity may be among the earliest symptoms 
of B-complex deficiency. 

It is obvious that this suggestion can be 
only a guess. To make assumptions con- 
cerning symptoms and behavior in man on 
the basis of experiments on rats housed in 
revolving cages, is dangerous. Certainly 
it is difficult to apply these observations in 
recommending rations for parachute troops 
or castaways, for the great variety of condi- 
tions to which they are subjected would 
probably influence the behavior of such 
individuals to an extent far out of propor- 
tion to what a lack of vitamins might do, 
even assuming that such a lack would have 
the effects reported in rats. 
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Bread 


Bread, of course, is an ancient food. 
Bread from coarsely ground flour has been 
found in remains of many Stone Age cultures. 
Cakes were made of such grains as barley, 
millet, oats, or single grained wheat. The 
meal was crude and generally prepared by 
crushing the kernels between two stones. 
This whole grain meal was mixed with water 
and the dough made into cakes which were 
baked in the sun or on heated stones. 

Wheat and rye were cultivated in Egypt 
along the Nile. Egypt well deserved its 
reputation of a bread eating country. It 
developed numerous commercial bakeries 
which sold white bread and cakes, although 
most bread was baked at home by house- 
wives. In Egypt as well as Rome white 
bread was consumed by the rich and the 
* nobility and regarded as rare luxury by the 
poor. After the destruction of Rome the 
art or practice of making white bread seems 
to have been lost or abandoned. In the 
Middle Ages however, white bread staged a 
comeback. 


More Vitamin C Sources 


Peacetime dependence on citrus fruit as a 
principal source of vitamin C has led many 
nations during the war, with curtailment of 
citrus fruit imports, to an intense investiga- 
tion of alternative vitamin C sources. The 
high vitamin C values of rose hips, evergreen 
leaves, papayas, and black currants have 
already been mentioned (Nutrition Reviews 
1, 246 (1943)). 

Recent reports indicate that green walnuts 
are also a rich source of this vitamin. 
Melville, Wokes, and Organ (Nature 152, 447 
(1943)) indicate a range of 1000 to nearly 
3000 mg. per 100 g., although as high as 30 
per cent of this may be only “apparent” 
vitamin C. The species Juglans regia 
averaged 1500 mg. per 100 g. Lugg and 
Weller (Nature 152, 448 (1943)) have re- 


ported a somewhat lower range of approxi- 
mately 400 and 900 mg. per 100 g. for two 
varieties of the latter species. Employing 
formaldehyde to distinguish true ascorbic 
acid from other reducing substances, these 
authors believe that 90 to 95 per cent of the 
reducing capacity is actually due to ascorbic 
acid. Even at the lowest levels reported, 
green walnuts must therefore be considered 
a particularly rich source of vitamin C. 

Chen, Ho, Hsieh, and Shen report “A 
Very Rich Source of Vitamin C; the Wild 
Fruit of Emblic from India and South 
China” (The Biochemical Bull., no. 27, May, 
1943, published by the Sino-British Co- 
operation Office). The fruit of the Emblic 
tree is approximately three-quarters to one 
inch in diameter and yields a sour, astringent 
juice containing an average of 920 mg. of 
ascorbic acid per 100 ml. of juice. This 
juice is therefore approximately ten times 
as potent as lemon juice, a fact qualitatively 
supported by guinea pig tests. The juice 
is nontoxic for man and should become a 
cheap and convenient source of the anti- 
scorbutic vitamin at least in the South 
China and Indian area. 


Magnesium Deficiency 


The study of experimental magnesium 
deficiency in rats and in calves has indicated 
that magnesium in the diet is necessary for 
the maintenance of the integrity of the skin, 
the kidneys, the liver, and the vascular sys- 
tem. A relationship of magnesium to the 
function of the parathyroid glands has been 
suggested by Engman and MacCardle 
(Arch. Dermat. Syph. 42, 109 (1940)); 
and by MacCardle, Engman, and Engman 
(Ibid. 47, 335 (1943)). A consistent in- 
crease in the non-ultrafiltrable magnesium 
of the serum in patients with hyperthyroid- 
ism has been observed (Soffer and co-work- 
ers, J. Clin. Invest. 18, 597 (1939)) whereas 
in 2 patients with myxedema, all of the 
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magnesium of the serum was ultrafiltrable. 
After therapy for thyroid dysfunction these 
substances have been observed to return to 
normal (Dine and Lavietes, Jbid. 21, 781 
(1942)). In patients with renal insuffi- 
ciency, a high content of magnesium in the 
blood has been found to be associated with 
somnolence and coma whereas a low content 
was accompanied by muscular twitching 
or by convulsions (Hirschfelder and Haury, 
J. Am. Med. Assn. 102, 1138 (1934)). 
Tetany in a child possibly due to a deficiency 
in magnesium was reviewed in this journal 
(Nutrition Reviews 2, 189 (1944)). 
Engman and co-workers undertook to 
study the mineral content of the skin in 
health and in disease, since electrolytes are 
known to play a part in the phenomena of 
osmosis and surface tension. They came to 
the conclusion that the human skin dis- 
order, disseminated neurodermatitis, and 
experimental magnesium deficiency, are 


identical or at least similar conditions. 
Sullivan and Evans (Arch. Dermat. Syph. 


49, 33 (1944)) have reported a careful com- 
parison of the human disorder and the ex- 
perimental deficiency in animals, and do not 
agree with this conclusion. They studied 
not only the gross appearance of the lesions 
in man and in the experimental disorders, 
but also the microscopic changes and the 
chemical data which have been obtained. 
They find more differences than similarities 
and believe that the lesions in man and the 
experimental disorders are not one and the 
same. It is, of course, difficult to compare a 


disorder in an animal and one in man, but 


the evidence presented seems convincing. 
It is to be noted, furthermore, that whereas 
therapy with magnesium sulfate is prompt 
in removing the effects of experimental mag- 
nesium deficiency in the rat, administration 
of this salt to patients with disseminated 
neurodermatitis is of little or no value in the 
alleviation of the signs of the disease in man. 
However, as Sullivan and Evans themselves 
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point out, this failure to find a correlation 
with human disease should not stop further 
attempts to discover the manifestations and 
significance of magnesium deficiency in man. 


Nutrition and Industrial Workers 


Spies (J. Am. Med. Assn. 125, 245 (1944) 
records a progress report in the study of 
nutritional deficiency among industrial 
workers. Charts are published which il- 
lustrate the forms which were used for 
collecting data concerning the economic 
status, housing, personal surroundings, extra 
sources of food (gardens and chickens, for 
example) and other personal data which, in 
addition to the dietary history, help to 
indicate whether nutritional deficiency is 
likely to be found. Spies stresses the im- 
portance of considering these factors as well 
as the value of recognizing the fact that 
organic disease may interfere with the 
absorption or utilization of food or may 
increase food requirements. A comprehen- 
sive survey of the patient and of his family 
is worth the effort it takes, for in many 
instances not only is nutritional deficiency 
uncovered in this way but it can be eorrected 
only by correcting all the factors concerned. 

Case histories are presented which illus- 
trate the importance of these details. In 
one of these it is shown how the relief of 
dietary deficiency in the dependents of a 
skilled workman enabled him to return to 
his work as a mechanic. Another worker 
was regarded as having such poor absorption 
from the alimentary tract that parenteral 
injections of the needed nutrients were 
necessary before he could return to work. 

These observations are now well known, 
but only by repetition and emphasis can 
they be brought home to those concerned. 
The correction of nutritional deficiency is 
not only a chemical problem. It involves 
personal, social, and economic factors. The 
nation as a whole and industry in particular 
will benefit by attention to all the details. 
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